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General Introduction 
There are many factors influencing fresh pork quality. These factors include 
genotype, feeding, pre-slaughter handling, stunning method and production environment 
(Rosenvold & Andersen, 2002). Producers are becoming more aware of growth and product 
quality as profit drivers in the pork industry. Consumers of pork are growing more aware of 
changes in pork production, including type of environment utilized during finishing (Kanis et 
al., 2003). In a recent survey concerning consumer choice based on production system, 
consumers preferred pork labeled "raised outside" and offered to pay 5% more for "raised 
outside" labeled pork (Dransfield et al., 2005). The demand for these products has increased 
the predominance of alternative pork production systems. Many small, independent pork 
producers have shown interest in alternative production systems (Arellano et al., 1993; 
Honeyman et al., 1999; Honeyman and Harmon, 2003). Interest in alternative housing 
systems for pork production has been growing because of the low start-up cost compared to a 
large-scale confinement system, which varies from 40-70% of the cost for the latter 
(Thornton, 1998). 
One alternative method is the use of hoop buildings, which are deep-bedded, open-
ended, tent-like structures covered with a polyethylene fabric tarp. Most of the bedding is 
comprised of com stalks or straw (Honeyman & Harmon, 2003). Iowa producers have shown 
vested interest in hoop buildings as an alternative means of production. Honeyman et al. 
(2001) reported approximately 2,100 hoop barns were being utilized in Iowa for swine 
finishing purposes in the year 2001. Some studies have compared growth, carcass 
characteristics and pork quality attributes from pigs reared in deep-bedded and outdoor 
systems compared to ventilated confinement systems (Enfalt et al., 1996, Sather et al., 1997, 
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Geverink et al., 1999, Gentry et al., 2000b, De Jong et al., 2000, Jonsall et al., 2001, 
Honeyman & Harmon 2003). Research conducted has been variable in explaining the effect 
of alternative finishing systems on growth, performance and pork quality. 
Several items differ between hoop structures and standard confinement systems, 
including the use of straw for bedding, increased space allocation, and subjection of animals 
to seasonal environmental changes. The open-ended design of hoop structures allows greater 
exposure to temperature changes, with less capacity to maintain a constant temperature as 
outdoor temperatures fluctuate (Tanaka & Xin, 1997). 
Using deep-bedded structures is an environmental enrichment strategy that has been 
shown to stimulate foraging and/or explorative behavior by increasing space allocation 
during finishing (Klont et al., 2001;0'Connell, Beattie & Moss, 2004; De Jong et al.,1998). 
Increased space allocation within certain environments supports increasing spontaneous 
exercise and exploratory behavior (Morrison et al., 2003a; Gentry et al., 2002a; Beattie et al., 
1996). 
A combination of increased bedding and space during finishing may have an effect on 
the ability of pigs to cope with stress in the pre-slaughter period. Pigs reared in a barren 
environment showed a higher elevation of cortisol levels, a hormonal indicator of increased 
stress, during transport compared with enriched housed pigs (Geverink et al.,1999; Klont et 
al., 2001; De Jong et al., 2000b ). Pre-slaughter stress causes a more rapid pH decline and 
higher muscle temperatures, which results in myofibrillar protein denaturation (Offer and 
Knight, 1988; Offer, 1991). A more rapid pH decline initiated by stress will have severe, 
negative consequences on pork quality attributes, such as increased drip loss and paler pork 
color (Hambrecht et al., 2004). 
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Few studies have compared pork quality attributes from confinement systems to 
deep-bedded systems (Honeyman & Harmon, 2003; Gentry et al., 2002a). Substantial 
variation in growth performance and pork quality has been noted in opposing seasons in 
these systems (Honeyman & Harmon, 2003; Lebret et al., 2002). Seasonal alterations in fatty 
acid profiles (Bee, Guex & Herzog, 2004; Cava et al., 2000), flavor attributes of fresh pork, 
including intensity and pork flavor (Gentry et al., 2002b) and overall flavor acceptability 
(Enfalt et al., 1997) have also been noted between pigs finished in these systems compared to 
indoor systems. 
The following experiments were designed primarily to ascertain affects between 
alternative production systems to confinement systems. The general hypothesis driving this 
study was that enrichment of the finishing environment provided by semi-outdoor, deep-
bedded finishing systems would allow for lower stress susceptibility, thereby influencing 
growth response, carcass composition, the rate and extent of pH and temperature decline 
postmortem, ultimately affecting pork quality attributes perceived by the consumer. Space 
allocation rates from this study will grant producers using these systems with a standard 
stocking requirement to efficiently optimize swine growth and pork quality. 
Thesis Organization 
This thesis is organized to an alternate style format. It is arranged with a general 
introduction, followed by a general review of literature, two publishable papers, and a 
concluding summary. References cited within each chapter are listed at the end of that 
chapter. Papers pending publication are formatted according to the style of Meat Science. 
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General Review of Literature 
Environmental Influence on Swine Performance 
Alternative methods to all-in-all-out confinement production systems are rapidly 
growing in the swine industry. Examples of alternative systems include outdoor, free-range, 
semi-outdoor, deep-bedded finishing and pasture rearing and finishing. Environmental 
conditions are altered when alternative production methods are employed. Recent trends in 
alternative pork production involve outdoor or semi-outdoor production strategies in which 
pigs have more space allocated during rearing and finishing (Fisher, 1994). Data in the 
literature on growth, meat and carcass traits in alternative production systems are 
inconsistent, indicating that other factors can play an important role in determination of these 
attributes. Variable conditions in alternative pork production include ambient temperature 
and stocking density. Variations in ambient temperature during finishing have been shown to 
influence growth traits such as feed intake, average daily gain, backfat thickness and growth 
rate (Botermans et al., 1995, Katsumata et al., 2001, Collin et al., 2001). Space allocation 
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during growth and finishing has been shown to initiate differences in growth and 
performance of swine. Stocking at different rates can have substantial effects on 
physiological functions, resulting behavioral alterations and affects productive performances 
in pigs (DeDecker et al., 2005; Beattie et al., 2000). In this section of this review, these two 
environmental conditions and their relationship to swine growth and development will be 
discussed. 
Temperature 
Ambient temperature is an apparent variant in response to changing environment 
during pork production. Alternative swine production methods embracing outdoor production 
modifications induce acclimatization. Acclimatization is defined as the physiological 
adaptation of an animal or plant to changes in climate or environment, such as light, 
temperature, or altitude. Below is a graphical representation of the homoeothermic nature of 
pigs and pattern of acclimatization when exposed to different temperatures (Shao et al., 
1997). 
lower 
critical-...._ 
temperature 
............ ---cold----
TNZ 
moneutral 
zone) 
upper 
~critical 
temperature 
Effective Temperature 
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The range of temperatures identified with the pig's best productivity is called the 
thermoneutral zone. Within this zone, the heat production of the pig is independent of air 
temperature, and is determined by the pig's live weight and feed intake (Quiniou et al., 2000). 
The thermoneutral zone ranges between 45° and 70° For 17.2 - 22°C. The thermoneutral 
zone is bounded at its upper limit by the evaporative critical temperature (ECT) and at its 
lower limit by the lower critical temperature (LCT). The upper critical temperature (UCT) is 
the highest tolerable temperature beyond which serious problems are likely, and is generally 
6 to 8°C above ECT. Between these two temperatures, cooling mechanisms such as panting 
are generally needed. If the ambient temperature falls below the LCT, the pig must use some 
of its food to maintain body heat. As the temperature of the ambient temperature rises above 
the UCT it becomes severely distressed. Temperatures much above 27°C are considered 
undesirable for pigs (Knap, 2000). 
Pigs reared and/or finished in temperatures below the thermoneutral zone (Below 17 
°C) generally have increased feed intakes compared to pigs produced in higher temperatures 
(Nyachoti et al., 2004; Renaudeau et al., 2004). In a recent study by Bee et al., (2004), pigs 
reared outside from December to March at an average temperature of 5°C had significantly a 
higher (P < 0.01) feed intake, lower (P < 0.01) ADG, lower (P < 0.01) feed utilization, and 
reached slaughter weight 14 days later than inside pigs. In that experiment, average inside 
temperature averaged 22°C. 
Exposure of pigs to high ambient temperature induces a decrease in heat production, 
which is mainly achieved by a decrease in voluntary feed intake (Collin et al., 2001; Quiniou 
et al., 2001) resulting in a reduced growth rate and backfat thickness of carcasses. There is a 
strong relationship to temperature exposure and backfat thickness; prolonged exposure to 
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high environmental temperature has been reported to enhance fat accumulation at internal 
sites (leaf fat, viscera) at the expense of external sites (backfat) (Katsumata et al., 1996; 
Rinaldo & Le Dividich ,1991). The repartitioning of fat under these temperatures is mainly 
affected by variations in voluntary feed intake (Collin, 2001 ). A study comparing pigs 
finished within thermoneutral zone temperatures and high temperatures revealed that fat 
percentage of high temperature finished carcasses were reduced by 3.2% (P < 0.001), 
whereas less fat was deposited in backfat (P < 0.001) and more fat retained in leaf fat (P < 
0.001), as compared to the control (Rinaldo et al., 2000). 
The reduction in backfat thickness under high temperature exposure can be explained 
biochemically. Lipid comprising the backfat is composed of 95% triglycerides. Triglycerides 
are synthesized continuously from their free fatty acid and glycerol phosphate constituents. 
These triglycerides are broken down by hormone-sensitive lipase in times of required energy 
expenditure. Therefore, a measurement of lipase activity within a system would denote 
mobilization of triglycerides. The action oflipase involves splitting fatty acids into a free 
from their glycerol counterpart. These free fatty acids can be reincorporated into adipose 
tissue or released from the cell. Glycerol cannot be utilized by the adipocyte, and is shuttled 
out of the cell. (Berg, 2002) 
In regards to backfat reduction and temperature, it has been noted that pigs reared 
and/or finished under high temperatures have reduced feed intake and backfat thickness. 
When feed intake is reduced, the animal will adapt to mobilizing stored energy. In a recent 
study by Spurlock et al., (2001 ), feed-deprived pigs showed 46% increases in hormone-
sensitive lipase in adipose tissue. Based on this experiment, these authors concluded that 
hormone-sensitive lipase was up-regulated at the mRNA level with prolonged feed 
IO 
deprivation, whereas lipoprotein lipase was down-regulated. Lipoprotein lipase is the enzyme 
that hydrolyzes extra cellular triglycerides for incorporation into adipose tissue. Therefore, in 
times of restricted feeding, as is observed in high temperatures, lypolysis increases and 
lipogenesis by subcutaneous adipose tissue decreases. 
Stocking Density 
Adjusting the space allocation for pigs during rearing and finishing has been widely 
researched (Pearce & Paterson, 1993; NCR- 89, 1993; McGlone & Newby, 1994; Hoy, 
2004 ) Recent shifts in pork production systems favor increased space/pig, based on 
perceived welfare and health of the animal. Current research exploring environmental 
enrichment strategies discovered that stimulating foraging and/or explorative behavior in pigs 
increased overall welfare and favorable interactions among pigs. (Van de Weerd et al., 2003; 
Olsen et al., 2002; Guy et al., 2002) The standard stocking density commonly implemented 
in most confinement or all-in all-out systems is 8 - 10 ft2/pig (0.72 - 0.90 m2/pig) from 150 to 
250 lbs. (NRC, 1993). Research suggests that there is no evidence that a space allowance of 
more than 0.93 m2 /pig leads to improved performance and health of pigs (Hoy, 2004; Gentry 
et al., 2002a). In relation to common confinement systems, allocating more space than 
0.93m2 /pig may be improbable due to structure size and finishing group size. However, in 
alternative swine production systems in which an increased area such as pasture or a deep-
bedded semi-outdoor structure, space may be unlimited. 
Alternative systems allow pigs a chance to pursue their natural instincts, reduce their 
stress level with more space to freely move about, and provides access to either pasture or 
deep bedding (Honeyman, 1996). One group researching low stocking rates on pig 
performance noted that boars reared at a stocking rate of 1.2m2 /pig had higher growth rates 
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compared to boars stocked at a rate of 0.65m2 /pig (Jorgensen, 2003 ). In this study, both 
groups of pigs observed were housed on a deep-bedded straw surface in a semi-outdoor 
production system. 
Yamada et al., (2003) concluded there were no significant differences in daily weight 
gain and feed conversion between groups of pigs stocked at levels of 0.93m2/pig and 
2.46m2 /pig in a deep-bedded shelter. In this study, dressing percentage, carcass length and 
back and loin length were significantly higher for the standard (0.93m2/pig) density group 
than the low density (2.46m2/pig). Also, backfat thickness in the standard density group was 
significantly thinner (Yamada et al., 2003). Therefore, the effects of stocking at a lower rate 
on growth performance in alternative systems are inconsistent, and are related to feed intake. 
In another study, pigs finished in a sustainable system were compared to pigs 
finished in a standard confinement system over winter and summer seasons. The alternative 
method employed in this study was the use of hoop structures; Hoops are large, tent-like 
shelters with cornstalks or straw for bedding (Honeyman et al., 2001). For each season, 
stocking density was 1.11 m2 /pig in hoops and 0. 7 4m2 /pig in confinement. In the winter 
portion of the trial, hoop fed pigs had similar ADG, but required more days to 113 kg, had 
greater ADFI, lower feed conversion ratio, less lean gain/day and less efficiency oflean gain 
than confinement-fed pigs. In the summer portion, hoop pigs had greater ADG, required 
fewer days to 113kg, had similar ADFI and gain:feed compared with confinement-fed pigs. 
(Honeyman & Harmon, 2003) The results indicate that the increased stocking density 
(1. l lm2 /pig) may have improved performance of pigs finished in hoop structures, but these 
improvements were seasonally inconsistent. 
12 
Growth and carcass performance variations correspond to variations in pork quality. 
In order to understand the effect of finishing environment on growth, performance, as well as 
pork quality, it is necessary to discuss the conversion process in which muscle ultimately 
becomes "meat,'' and subsequently, how attributes of pork quality are affected by 
environmental changes during finishing. The next section of this review will begin with a 
detailed explanation of the conversion of muscle to meat and a thorough explanation of pork 
quality. 
Conversion of Muscle to Meat 
Introduction 
To appropriately assess ante and post mortem consequences of pork quality related to 
environment, it is necessary to discuss the "conversion" process, in which living muscle 
ultimately becomes consumable meat. The rate and extent of chemical and physical changes 
occurring during this transformation can lead to variations in pork quality, which will be 
discussed in the following section of this review. 
Chemical Conversion 
Muscle is a complex system comprised of water (75%), protein (19%), lipid (2.5%), 
carbohydrate (1.2%) and mineral/ash (2.3%) (Aberle et al., 2001). The postmortem depletion 
of key metabolites and subsequent degradation of these compounds characterize the 
"chemical" conversion process. 
The main compound providing skeletal muscle with energy is adenosine triphosphate 
(ATP). ATP donates free energy when hydrolyzed to adenosine diphosphate (ADP) and 
orthophosphate (Pi) or when ATP is hydrolyzed to adenosine monophosphate (AMP). ADP, 
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coupled with the high phosphoryl transfer compound creatine phosphate (CP) can replenish 
ATP by the following reaction: 
Creatine Phosphate + ADP + Ir •'411--1111 ATP + Creatine 
Therefore, the key metabolites involved in skeletal muscle homeostasis are ATP, ADP and 
CP. 
The first portion of the metabolic pathway supplying ATP to a live animal is 
glycolysis, in which the six-carbon sugar glucose is oxidized into pyruvate two molecules of 
ATP. A large reservoir of glucose is stored as glycogen. Glycogen is a large, branched 
polymer that can be readily broken down to yield glucose molecules when energy is needed 
(Berg, 2002). Skeletal muscle and liver are the two major sites in which the body stores 
glycogen. Glycogen utilization by the liver is intended for whole body homeostasis, whereas 
in muscle, energy is employed for the muscle use itself (Berg et al., 2002). 
When oxygen is not limiting, metabolism would follow the aerobic pathway, which 
would lead into further breakdown of the pyruvate by the TCA cycle and oxidative 
phosphorylation, yielding approximately 30 molecules of ATP per glucose molecule (Hinkle 
et al., 1991). When oxygen is limiting, as it is during the conversion process, the metabolic 
dynamic is shifted; pyruvate does not enter the TCA cycle, and is subsequently reduced by 
NADH to form lactate via the lactate dehydrogenase enzyme. This "lactic acid" pathway nets 
two molecules of ATP per glucose molecule, being less efficient at ATP generation than its 
aerobic counterpart. 
The exsanguination process marks the beginning of the conversion of muscle to 
meat. Approximately 50 percent of the total blood volume can be removed from the animal 
during this process while the remainder is held in the vital organs (Aberle et al., 2001). 
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Postmortem muscle attempts to maintain homeostasis by preserving cellular ATP 
concentrations, but due to circulatory failure following exsanguination, muscle lacks the 
oxygen required for oxidative metabolism. Consequently, muscle glycogen is metabolized 
via anaerobic glycolysis, thus phosphorylating ADP to replenish ATP. 
Regeneration of ATP follows a specific pathway. During the exsanguination phase, 
stores of CP are used for the rephosphorylation from ADP to ATP. As CP stores are depleted, 
glycogen is broken down. As conversion continues, glycogen and ATP levels decrease, while 
lactic acid accumulates. This accumulation of lactic acid lowers muscle pH (Kastenschmidt 
et al., 1968). 
pH is defined as a negative logarithm of hydrogen concentration within a given 
substance. Rate and extent of pH decline during the conversion of muscle to meat has been 
suggested to explain variations in ultimate pork quality (Huff - Lonergan, 2002; Gardner, 
2003). "Normal" pH decline in porcine longissiumus dorsi (LD) muscle will initiate from a 
living pH of 7.4- 7.2. Within 45 minutes post-mortem, pH will gradually drop to 6.2 - 6.3, 
and will continue dropping gradually to an ultimate pH in the range of 5.6 - 5.4 (Aberle et 
al., 2001; Gardner, 2003; Norman et al., 2004). The pH decline pace is "set" by the action 
and concentration of the key metabolites discussed earlier, and therefore is highly variable. 
These variations are not limited to the carcass itself. Contrasts in pH decline pattern have 
been observed in entire muscles themselves (Norman et al., 2004), different muscles within 
carcasses (Melody et al., 2004), sexes (D'Souza & Mullan, 2002) and breeds (Lonergan et 
al., 2001). 
Concurrently with pH decline, there is also a resultant shift in carcass temperature. In 
living animals, the circulatory system carries hear to other parts of the body for dissipation. 
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During exsanguination, this cooling mechanism is lost, resulting in a rise in temperature. 
Therefore, the same metabolic factors causing temperature to raise postmortem are the same 
causing pH to decline. In a high temperature, low pH environment, protein denaturation will 
occur. Protein denaturation at high temperatures early postmortem has been shown to cause 
defects such as paleness, softness of muscle and decreased water holding capacity, resulting 
in a highly exudative product. (Penny, 1969) These traits are often labeled "PSE,'' denoting 
the pale, soft and exudative attributes the pork possesses. To minimize PSE formation, the 
pork industry has implemented several cooling strategies during slaughter to minimize 
temperature increases. 
Currently in the US, there are no regulatory requirements for specific temperature 
endpoints for chilling livestock carcasses; however, the U.S. poultry industry routinely uses 
rapid chilling because of the United States Department of Agriculture, Food Safety and 
Inspection Service regulatory requirement that poultry be chilled below 4.4°C before 4 hours 
postmortem. An ideal chilling regime would allow carcasses to quickly cool without 
substantial dessication of water (Reagan & Honikel, 1985). 
Industry has adopted the rule of rapidly cooling carcasses with large air circulation 
volumes until difference in temperature between the carcass surface and air is small. 
Following initial slaughter and evisceration procedures, pork carcasses are routinely "blast 
chilled." During this time, the air temperature can be as low as -10°C and be exposed to air 
speeds of 600ft/min. When temperature difference between carcass surface and air is 
minimal, carcasses are then exposed to lower air speeds (conventional chilling) for ~ 24 hours 
until fabrication. The recommended internal muscle temperature should reach 10°C at 12 
hour postmortem and 2 to 4°C at 24 hours postmortem (Meisinger, 2002). 
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Blast chilling of pork before the start of conventional chilling is reported to decrease 
shrinkage and give pork a darker and firmer lean (Jones et al., 1987). 
To further optimize ultimate pork quality in regards to PSE symptoms, recent 
research suggests a more rapid chilling process is needed to reduce PSE (Springer et al., 
2003; Bertram et al., 2001; Van der Wal et al., 1995). In a study by Springer et al. (2001) 
pork carcasses were exposed to a conventional chilling regime of 2°C at a velocity of 
l .2m3 /sec for 24 hours. These carcasses were compared to rapidly chilled carcasses, with a 
treatment regime of -32°C at a velocity of 2.0m3/sec for 60, 90, 120 and 150 minutes, then 
subsequently chilled at 2°C for 24 hours. Loin muscle pH was higher in carcasses that were 
rapidly chilled longer than 60 minutes and rapid chilling caused loins to be darker (lower L * 
value) and to have lower b* values (less yellow) than CC loins. Therefore, rapidly chilling 
carcasses may be beneficial in reducing paleness associated with pork loins. Optimal cooling 
procedures and their influence on pork quality have yet to be completely elucidated, and is 
heavily being researched. 
Physical Conversion 
One of the most profound changes during the conversion process is rigor mortis. 
"Rigor mortis" is latin for "stiffness of death" and its physiological explanation is just that -
stiffening of muscle due to protein interaction postmortem. As metabolic processes slow 
during postmortem events, contractual events in muscles are unable to perform. This is due to 
the depletion of ATP, which is essential for contraction to occur. When all ATP is depleted, 
bonds between actin and myosin, the two major myofibrillar proteins, cannot be broken and 
the muscle is in an irreversibly contracted state. 
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The physical attribute of rigor mortis is for the muscle to become less extensible. The 
period of time during which the muscle is relatively extensible and elastic is referred to as the 
delay phase of rigor mortis. When the muscle starts to lost extensibility initially, the muscle 
is set to be in the onset phase of rigor. There is significant species variation in the time onset 
phase occurs. Pork enters the onset phase of rigor mortis rapidly, ranging from 25 minutes to 
3 hours postmortem. 
Rigor mortis and pH decline are strongly correlated as both processes are rate and extent 
affected by metabolism of glycogen and ATP concentration (Bendall, 1951 ). Relative 
abundance of metabolites including ATP and glycogen ante mortem will have a significant 
effect on the rate and extent of pH decline. Items such as genetics (Rosenvold & Andersen, 
2003), stress (Hambrecht et al., 2004) and exercise (Klont &, Lambooy, 1995) have been 
shown to cause fluctuations in glycogen, ATP and oxygen available at time of slaughter. 
When energy supplies are limiting or being rapidly metabolized, pH decline is abbreviated or 
rapid. In these conditions, rapid onset of rigor mortis is observed (Aberle et al., 2001). 
Therefore, metabolite concentration indirectly affects the rate of onset and extent of rigor 
mortis. Different chilling regimes have been shown to induce changes in pH and temperature 
declines (Springer et al., 2001) and resultant rate and extent of rigor formation. (Bertram, 
2001, 2003) In one study, increasing chilling temperature from 2°C to 14°C reduced the time 
to reach rigor by 1.3 hours and resulted in a faster aging rate (Rees et al., 2003). Other 
factors, including rearing/finishing environment, slaughter method and electrical stimulation, 
may induce changes in the metabolic activities causing variations in pH decline and onset of 
rigor mortis (Klont et al., 2001; Van der Wal et al., 1997; Hammelman et al., 2003). 
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Pork Quality 
Introduction 
Providing consumers with consistent, high quality food products is the mission of 
many food manufacturers. In a consumer driven society, product attributes serve as indicators 
to directly evaluate quality. Specifically related to pork, there are several attributes which 
account for overall satisfaction of quality. These characteristics, collectively labeled as "meat 
quality attributes," include, but are not limited to water holding properties, color, tenderness, 
firmness, and flavor (Aberle et al., 2001 ). Color oflean and amount of adipose tissue are the 
first attributes to be evaluated by the consumer (Xiong, 1999) and preferences for pork are 
generally based on these attributes (Verbeke et al., 2005). 
There are many extrinsic factors that elicit variations in quality, including stress, diet, 
environment and handling. By themselves, environmental conditions can cause variations in 
stress, growth and composition and ultimate pork quality (Klont et al., 2001; Hamilton et al., 
2003; Rinaldo & Mourot, 2001; Lambooij et al., 2004; Brumm, 2004). Comparisons between 
standard confinement production to alternative methods such as free range, semi-outdoor and 
other sustainable systems reveal variations in ultimate pork quality. As discussed in the 
growth and composition section, two environmental factors varying between these 
production systems are ambient temperature and stocking density. Firstly, a detailed 
description of each pork quality attribute will be discussed. Secondly, the environmental 
affects of temperature and stocking density on each attribute will be discussed. 
Pork quality can be defined as the summation of attributes that make pork desirable as 
a human food. These attributes include inherent properties decisive for the suitability of meat 
for further processing or retail display (Rosenvold & Andersen, 2003). The main attributes 
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critical to consumer and processor desirability include water binding ability, color, textural 
properties including firmness and tenderness, and flavor. Appearance of pork is the vital 
component in consumer preference (Dransfield et al., 2005, Brewer et al., 1998). Ngapo et 
al. (2004) discovered that consumer's preference for pork relied mainly on color and degree 
of fatness, followed by amount of exudate and abundance of marbling. That study found that 
a pinkish color with minimal fatness, low amount of exudate and variable amounts of 
marbling were what consumers used as criteria for choosing pork. Therefore, inconsistencies 
in these attributes arising from environmental conditions are a great concern for producers 
and marketers of pork products. 
Pork Quality Attributes 
Water Holding Capacity 
One main factor when visually appraising fresh pork products is the observable 
amount of purge within a package, indicating the products ability to retain water (Brewer et 
al., 2002). The ability to retain water, termed "water holding capacity," can be defined as 
the ability of meat to retain naturally occurring or added water during application of external 
forces such as cutting, heating, grinding or pressing (Aberle et al.,2001). Therefore, fresh 
pork with a low water holding capacity would result in an observed higher "drip loss," which 
is the term used to quantify percentage of non-retained water in a meat sample. 
Proximate analysis of muscle indicates 70% of total muscle composition is taken up 
by water. In muscle's raw state, there are three "forms" of water that exist within the 
myofibrils, specifically in between thick and thin filaments. "Bound" water, which makes up 
4-5% of the total amount of water, is tightly associated with muscle proteins. Hamm et al. 
(1960) reported that not more than 5% of the total water in muscle could be directly bound to 
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hydrophilic groups on muscle proteins. "Immobilized" water, making up 5 %, is 
subsequently attracted to the bound molecules, and forms a less orderly molecular orientation 
towards the charged group. "Free" water is held only by weak surface forces, and is most 
subject to movement out of the muscle when force is exerted (Winger & Fennema, 1976). 
Water molecules are polar in nature and associate electrically charged reactive groups 
with muscle proteins via hydrogen bonds. It seems logical that nature of certain muscle 
proteins may have an effect on the amount of bound, immobilized and free water within 
muscle. The nature of muscle proteins changes considerably during the conversion of muscle 
to meat. 
The reduction in pH postmortem reduces the number of reactive groups on proteins 
available for water binding. This is driven by the pH nearing the isoelectric point of the 
muscle proteins. The isoelectric point (pl) is the pH at which there is no net charge on a 
given protein. Myosin, a major myofibrillar protein, has a pl of ~5.4. A zero net charge on 
the protein indicates there are less available groups for the water molecules to bind to, and 
when the pH approaches this point, muscle proteins become highly associated with one 
another, forming tightly bound lattices (Lawrie, 1998). 
Protein - lattice associations lead to a calcium induced shrinkage of the myofibril. 
Excess calcium will drive a higher degree of contraction, leading to higher incidence of 
shrinkage. Electron microscopy and X-ray diffraction studies have provided insight into the 
phenomenon of myofibrillar shrinkage (Diesbourg, Swatland, & Millman, 1988; Swatland & 
Belfry, 1985). It has been hypothesized that a lateral shrinkage of laterally connected 
myofibrils results in shrinkage of the entire muscle fiber and thereby squeezes out water 
(Offer et al., 1989). This steric effect forces the water to accumulate in the extra cellular 
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compartment within the tissue. From these extra cellular compartments water slowly drains 
to the surface where it forms drip (Offer & Cousins, 1992). 
Myofibrillar shortening is a reasonable theory when determining drip formation, 
although it is not this action alone that preambles the formation of drip loss completely. 
During the period of conversion, there is also limited contraction of the muscle filaments. As 
metabolite stores of creatine phosphate, glycogen and resulting ATP are depleted within the 
muscle, muscle contraction slows and actomyosin cross bridges form their unbreakable 
bonds (Aberle et al., 2001 ). Concurrently during depletion of energy, the muscle is also 
undergoing structural changes resulting in sarcomere shortening. Bertram et al. (2002) 
reported that the combination of myofibrillar shortening accompanied by structural changes 
within the muscle during conversion were responsible for a time-dependent expulsion of 
water into the extracellular matrix of the muscle fiber. In this study, lower drip losses were 
associated with longer sarcomere lengths, where higher drip losses were associated with 
shorter sarcomere lengths. Therefore, the innate postmortem structural changes within the 
muscle are responsible for observed drip loss in fresh meat products (Bertram et. al., 2002). 
The water holding capacity of fresh meat products can change during the ageing 
period. Current research has shown that as meat ages, water holding capacity can increase 
(Kristensen and Purslow, 2001). The following diagram, adapted from Kristensen and 
Purslow (2001), outlines the most recent hypothesis in time-dependent water holding 
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capacity fluctuation: 
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During the first 24-36 hours postmortem, the muscle is predominately undergoing 
glycolytic respiration. As discussed earlier, this is also accompanied by a pH decline as 
lactate is presumably building up in the cell. In antemortem muscle cells, ATP complexed 
with Mg2+ prevents dissociation and interaction of myofibrillar proteins. As [ATP] is being 
diminished postmortem, muscle proteins also become disoriented and denature. The first 
group of proteins to display denaturing activity is those associated with the Z-line (Nagainis 
et al., 1983). Cytoskeletal proteins form a complex of large numbers of connections between 
myofibrils and between myofibrils and the sarcolemma which all contribute to the overall 
strength and cohesion of the cell and integrate forces of contraction (Robson et al., 1984). 
Fluctuations in water holding capacity have been hypothesized to be related to postmortem 
degradation of cytoskeletal proteins such as desmin and myofibrillar proteins such as 
troponin-T (Kristensen & Purslow, 2001 ). 
Therefore, the cytoskeletal hypothesis states that after the movement of water from the 
intercellular space to the extracellular space, ageing time allows further degradation of the 
cytoskeletal network. After a given amount of time, this network will become disassociated 
to the point at which a portion of the extracellular water can move back into the muscle cell. 
Even though some proteins are lost during drip formation post-mortem (Savage, Warriss & 
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Jolley, 1990), a highly significant proportion of the muscle proteins are still located 
intracellularly and thereby maintain the driving force for the inflow of extracellular water 
during storage of meat (Kristensen and Purslow, 2001). Therefore, this hypothesis suggests 
with earlier proteolytic activity of cytosketal proteins, water never actually leaves the cell but 
rather moves into a different cellular compartment. In that respect, rigor shortening of 
myofibrils would not directly indicate shrinkage of the cell. 
The ability of meat to retain water is important for sensory appeal and overall product 
quality. Drip loss, the objective measurement of water holding capacity, has been shown to 
be negatively correlated with pH and positively correlated with conductivity and color in 
fresh pork (Huff-Lonergan et al., 2002; Otto et al., 2004). The negative relationship 
between pH decline and drip loss is shown in the table below (Adapted from Gardner et al., 
2003) 
LD pH o.1s LDpH2 LDpH4 LDpH6 LDpHu 
Drip Loss Id -0.524** -0.467** -0.597** -0.597** -0.447** 
Drip Loss 5d -0.398** -0.395** -0.499** -0.539** -0.423** 
**Significant correlation between drip loss and pH at the P<0.01 level 
Pearson correlation coefficients provide a clear insight into pH decline and post mortem drip 
loss measured on the Longissimus dorsi in fresh pork at different ageing periods postmortem. 
It is well documented that differences in rate and extent of pH decline postmortem result in 
meat with differing water holding capacity (Melody et al., 2004; Wynveen et al., 2001). 
These data suggest that there is a strong negative relationship between drip loss and pH; the 
lower the pH at given times postmortem, the higher the drip loss measurement. Similar 
results were reported by Fiedler et al. (1999) and Hermesch et al., (2000). 
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It is reasonable to assume that pH decline, as well as temperature decline, are 
affecting water holding capacity development postmortem. Schafer et al., (2002) reported the 
pH and temperature decline postmortem accounted for 85 and 87% of the variation in drip 
loss respectively. The interactions between these two extrinsic factors and the biochemical 
state of the muscle itself all play a role in ultimate water binding ability. 
Color 
Color is described by Merriam-Webster's dictionary as "a phenomenon of light (as 
red, brown, pink, or gray) or visual perception that enables one to differentiate otherwise 
identical objects." The ability to perceive color is based on the absorption oflight by 
photoreceptors in the eye. Rods and cones of the retina are sensitive to light in a narrow 
region of the electromagnetic spectrum, termed "visible light," corresponding to wavelengths 
between 300 and 850nm. Variations in emitted wavelengths are absorbed by cone cells, 
creating a sense of color lying between red and violet (Berg et. al. 2002). Variations in 
emitted wavelengths are caused by the contents of what is being viewed. 
The primary determinant of meat color is myoglobin. Myoglobin, the major heme protein 
within well bled muscle tissue, accounts for 90-95% of the total heme proteins. The 
additional 5-10% is made up of hemoglobin and various cytochromes (Xiong et. al. 1999). 
These compounds are responsible for oxygen binding and storage (myo- and hemoglobin) 
and for electron transport during respiration (cytochromes). The primary factors elucidating 
meat color are concentration and oxidation status of myoglobin. 
Myoglobin is a heme protein that consists of eight a-helices which fold to make a 
compact globular protein. The folding occurs in such a manner that almost all of the 
hydrophilic, or water loving, groups are on the outside of the protein, facing the aqueous 
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environment. The hydrophobic groups are almost all inside the protein and the hydrophobic 
effect plays a large role in maintaining the stability of the folded protein. The primary 
function of myoglobin is to bind oxygen in muscle tissue. 
At the center of the heme is an Fe2+ atom. Four of the six coordination sites around 
this atom are occupied by nitrogen atoms from a planar porphyrin ring (Baum, 1982). The 
fifth coordination site is occupied by a nitrogen atom from a histidine side chain on one of 
the amino acids in the protein. The last coordination site is available to bind an 0 2 molecule. 
Heme iron can exist in a ferrous (Fe2+) or ferric (Fe3+) state. The oxidation status is 
affected by the presence/absence of oxygenous compounds with meat, and thereby affects 
perceived color of the product. 
The states of myoglobin and their relationship to one another are as follows: 
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The ferrous forms of myoglobin include deoxymyoglobin and oxymyoglobin. 
Deoxymyoglobin is the state of myoglobin in which no 0 2 is bound to the iron, with the iron 
atom being in the reduced state. This oxidation status produces a dull red or purplish color, 
which is found on the inside of intact muscles and under vacuum packaged conditions 
(Renerre and Labadie, 1993). When exposed to the atmosphere, 0 2 binds to heme iron and 
forms oxymyoglobin and produces a bright, cherry red color. During storage, both ferrous 
forms of myoglobin can oxidize and form metmyoglobin, which produces a brown-gray 
color (Renerre, 1999). 
From a retail perspective, fresh meat is generally displayed in oxygen-permeable film 
and oxymoglobin is the prominent pigment. At any point of time during storage/display of 
meat products, a measurable quantity of metmyoglobin can be detected. Therefore, the color 
observed in meat represents the relative concentrations of ferrous and ferric pigments present 
at any given time (Faustman et al. , 1996). 
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Controlling the oxidation from oxymyoglobin to metmyoglobin is of valued interest 
in pork retail and consumer marketing, as consumers prefer a red color to a brown color 
when purchasing fresh pork (Verbecke et al., 2005). The rate and extent of metmyoglobin 
formation depends on several intrinsic and extrinsic factors. Intrinsic factors include genetics, 
muscle location and type, pH, sex and diet. (Lindahl et al., 2004, 2001; Hernandez et al., 
2004, 2002; Newcom et al., 2004; O'Sullivan et al., 2002). By themselves, each of these 
factors affects metmyoglobin formation in pork. Briefly, a low pH at high temperatures will 
enhance the oxidation and denaturation of myoglobin, resulting in paler meat. The 
denaturation ofmyoglobin is negatively proportional to pH and positively proportional to 
temperature in pork (Renerre and Labadie, 1993). 
"Observed color" can be measured visually or instrumentally. Visual measurement of 
color can vary because since human judgments may not be repeatable from day to day and 
are influenced by personal preference, lighting, visual deficiencies of the eye and appearance 
factors other than color (AMSA, 2005). Pictorial color standards have been developed and 
are useful to support specific color scales. Two examples of published color standards are the 
National Pork Board or Japanese color standards. The standards range from pale gray to dark 
purple on a scale of one to six, with six being darkest/most purple (Meisinger, 2002). 
Instrumental measurements of meat color vary greatly based on composition and 
character of meat; mainly fresh meat vs. cured meat. The most common measurement, the 
Hunter LAB, utilizes a three dimensional color scale. The colorimeter made by the Henry A. 
Gardner Co. uses amber, blue and green filters to obtain L, a and b readings of a sample 
relative to a white magnesium oxide-coated plate. Below is a diagram of the hunter lab scan 
color space. The lightness axis, in the center of the solid, is calibrated from 0-100, where 
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100 is absolute white. Positive a-values are red, and negative a-values are green. Positive b-
values are yellow, and negative b-values are blue (HunterLab, 2005). 
White 
L = 100 
/
Yellow 
+b 
~ 
Black 
L•O 
Numerous researchers have used L, a, and b values to document treatment effects on 
color. It has been concluded that the measure that best related to visual color of fresh pork 
was L* value (Brewer et al., 2001). Ratios of alb, hue angle, and saturation index have been 
used for discoloration studies (MacDougall, 1982; Little, 1975). Hue angle describes 
discoloration by indicating the angle at which a vector radiates into the red-yellow quadrant 
(Liu et al., 1996). It is calculated as hue angle= arctangent (b*/a*)[360°/(2 '3.14)] (Minolta, 
1993). Color saturation is noted as a measurement of intensity and is calculated as Saturation 
index= (a*2 + b*2).s. 
Observed color in the retail setting is one main determinant in a consumer's intent to 
purchase pork. (Dransfield et al., 2005). A recent retail display survey determined 75% of 
consumers chose chops that fell in the NPB measurement category of 5 or 6. In this study, 
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these chops corresponded with an instrumental L measurement of 45.54 (Norman et al., 
2003). Color preference has been shown to differ by region. In a recent survey of France, 
Denmark, Sweden and UK, almost half of the British and Danish preferred the paler and the 
French the darker pork (Dransfield et al., 2005). Verbecke et al. ( 2005) determined 
preference for pork color is equally consistent within an individual, though fifty-fifty light-
dark, with dark chops being more preferred by 35+ aged consumers. Controlling 
inconsistencies in preference, coupled with intrinsic and extrinsic modeling to improve pork 
quality, is a challenge unmet by meat researchers. 
Firmness 
Firmness and tenderness are both pork quality attributes relating to textural properties 
of the meat itself; firmness is the "raw" or "fresh" measurement and is generally measured 
subjectively using a 3 point system in which 1 is very soft and 3 is very firm. Firmness lies 
on the structural and physical attribute side of consumer preference. Along with structure and 
texture, firmness is evaluated by consumers with visual, tactile and gustatory senses. 
Firmness of fresh pork is related to rigor state, and is associated with water-holding capacity, 
lipid content and profile (Glaser et al., 2004) and muscle location and type. Relating firmness 
to other pork quality traits, subjective color has been shown to be significantly correlated 
with firmness (Huff-Lonergan et al., 2002). Data indicate that in that study, darker pork 
product had a greater propensity to be firmer, have less drip loss, and be tenderer. In the same 
study, both a high degree of marbling and percentage of total intramuscular lipid were 
positively correlated (0.3 7 and 0.31, respectively) to pork firmness. Post-rigor pH is often 
associated with firmness of the product, with product having a low ultimate pH or more rapid 
pH decline often categorized as being less firm (Bowker et al., 1999). This variation in 
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firmness is most likely physical consequence of water binding activities during the 
conversion of muscle to meat. Several studies have shown a negative correlation between 
percentage drip loss and product firmness (Huff-Lonergan et al., 2002; Kirchheim et al., 
2001 ). A stepwise regression analysis of several measured pork quality attributes revealed 
that fresh pork firmness accounted for 38.1 and 30.9% of the variation in drip loss at 1 and 5 
days respectively (Gardner et al., 2003). As mentioned above, pork lean firmness is heavily 
influenced by the fatty acid content of the pork. Increasing polyunsaturation within pork lean 
has been shown to decrease lean firmness. Degree ofunsaturation in the lean and thereby 
firmness level can be manipulated by diet (Van Lunen et al., 2003) or by stress and genotype 
(Piedrafita et al., 2001). 
Tenderness 
One of the most important aspects of eating quality of pork is tenderness. A recent 
survey of 288 pork consumers reported juiciness, tenderness and the absence of off-flavor 
were the most important characteristics for consumers' liking of pork (Bryhni et al., 2003). 
Specific factors influencing overall pork tenderness are age, sex, amount and type of fat, 
collagen concentration, and postmortem tenderization. 
Specifically related to pork, total collagen concentration and age at slaughter are the 
least responsible for variation in tenderness (Lebret et al., 2001). Variation in pork tenderness 
is determined to a lesser extent by the insolubility of collagen than other species due to the 
lower physiological age at slaughter. Collagen content varies due to genetics, sex, muscle 
location and type. Weight-bearing muscles and muscles that are constantly used contain 
higher amounts of collagen than muscles that are not used for support or are not used as 
frequently (Xiong, 1999). As animals age, collagen becomes more insoluble, which will 
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reveal a tougher product in relation to a younger animal (Xiong, 1999). Variations in 
tenderness of a given muscle between pigs of the same age and slaughter weight may not 
correlate well with total collagen or the amount of collagen cross-linking. This discrepancy 
may be partially explained by postmortem glycolytic metabolism and rate of activation and 
autolysis of proteolytic enzymes (Friedrich, 2004). 
Collagen degradation postmortem is extremely limited, ranging anywhere from one 
to five percent of total collagen (Maltin, 2003). A disruption of collagen, specifically the 
breakdown of collagen into gelatin, is influenced by cooking of meat (Palka, 2003). 
Therefore, the amount of collagen in cooked pork is related to the amount of collagen in the 
raw product. Wheeler et al., (2000), reported a correlation coefficient of 0.59 between raw 
and cooked pork samples. When troubleshooting tenderness inconsistencies, factors such as 
sarcomere length and postmortem proteolysis coupled with collagen concentration seem to 
be the critical factors. In one study, total collagen, sarcomere length, and proteolysis 
accounted for 57% of the variation in tenderness rating in pork (Wheeler et al., 2000). In that 
same study, 72% of the variation in tenderness rating was attributable to sarcomere length. 
Variations in sarcomere length are generally indicative of postmortem handling and 
proteolysis. As mentioned before, variations in proteolytic enzyme activity and autolysis may 
affect sarcomere length, thereby influencing tenderness of the product. 
At the onset of rigor mortis, binding of actomyosin formation will result in sarcomere 
shortening (Offer et al., 1989). It has been concluded that an increase in postmortem meat 
toughness is due to sarcomere shortening at the onset of rigor. (Koohmaraie et al., 1996). 
Sarcomere shortening can be induced by ultra rapid chilling as seen in cold shortening and 
thaw rigor events. Cold shortening is observed when actomyosin formation occurs at rigor 
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and muscle temperatures have fallen below 15 °C. Thaw rigor is observed after exposing 
pre-rigor muscle to freezing temperatures and re-thawing. Both situations lead to sarcomere 
shortening, with thaw rigor being much more severe (Aberle et al. 2001). Methods to prevent 
sarcomere shortening are suspension methods such as pelvic limb and the use of electrical 
stimulation. 
The rate and extent of proteolysis, and the resulting result on pork tenderness is 
heavily being researched. In an effort to assign proteolytic events to differences in 
tenderness, Melody et al. (2004) measured calpastatin activity, l! and m-calpain activity, and 
autolysis and proteolysis oftitin, nebulin, desmin, and troponin-T on muscle samples from 
the longissimus dorsi, semimembranonsus, and psoas major at early times postmortem. 
Results indicated that variances in pH decline between muscles affected the rate of autolysis 
of the proteolytic cal pains, thus affecting protein degradation related to tenderness. The 
psoas major measured significantly lower pH at 45 minutes postmortem compared to the LD 
and SM. In unison with the rapid pH decline, the PM consistently had some autolysis of mu-
calpain, whereas the LD and SM did not at 45 min. Specific differences in protein 
degradation were observed as well, with the PM having more desmin and titin degradation 
than the LD and SM at 45 min and 6 h postmortem. These data indicate that tenderness is 
muscle and pH dependent. 
Research indicates that faster activation of proteolytic enzymes has favorable affects 
on pork tenderness (Bond et al., 2004; Hwang et al., 2003). One group researching this 
hypothesis conducted an experiment manipulating growth rates of pigs, and noted the 
differences in proteolytic activity and tenderness activity within the pork. Their experimental 
hypothesis was that an increased growth rate may be caused by an increased protein turnover, 
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which results in up-regulated levels of proteolytic enzymes in vivo that, in tum, possibly will 
affect tenderness development. Their results indicate that increased growth rate was followed 
by an increased proteolytic potential ( calpain:calpastatin ratio), increased myofibrillar 
fragmentation index (MFI), and higher tenderization rates. The proteolytic potential and the 
MFI values indicated that the up-regulated in vivo calpain activity had an effect on protein 
degradation, which also is supported by the higher tenderization rate in sampled pigs 
(Kristensen et al., 2002). 
The effects of connective tissue (collagen), sarcomere length and proteolysis is 
muscle dependent (Koohmaraie et al., 2002) and these factors account for the most variation 
in pork tenderness. 
Flavor 
Flavor is the sensation produced by material taken in the mouth, perceived principally 
by the senses of taste and smell, and also by pain, tactile and temperature receptors in the 
mouth (Min et al., 1988). 
Flavor is an important sensory aspect of the overall acceptability of meat products. 
Although raw meat has little flavor, it is a rich reservoir of non-volatile compounds with 
taste-tactile properties as well as flavor enhancers and aroma precursors. These precursors 
and lipids are especially influential in the deliverance of flavor of meat from different species 
(Shahidi, 1994). Non-volatile precursors of meat include amino acids, peptides, reducing 
sugars, vitamins and nucleotides. Interaction of these components and/or their breakdown 
products greatly contribute to meat flavor and aroma development (Macy et al., 1970). Lipid 
type and profile greatly influence the overall flavor of meat (Mottram et al., 1982). 
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Flavors can be thought of as compositions of many volatile components. The 
percentages of certain key volatile components are indicative of a given perceived "flavor." 
For instance, pork volatile constituents include, but aren't limited to hydrocarbons, alcohols, 
aldehydes, ketones, carboxylic acids, esters, lactones, ethers, furans, pyridines, pyrazines, 
pyrroles, and other sulphur containing compounds (Shahidi, 1994). As many as 1000 of these 
different volatiles are present in pork, but only a small fraction of the sulphur-containing 
volatiles exhibit the "meaty" aroma perceived by man (Campo et al., 2003; Shahidi, 1994). 
Pork "flavor" as perceived by the consumer is dictated by two factors; the amount 
and type of lipid present, and the method of cooking. Pork is a protein-based food, the 
amount of protein within a given serving as well as the amount and type of lipid effect the 
flavor profile of the consumed product (Phillipe et al., 2003). Lipids interact with volatiles in 
by increasing adsorption and retention, decreasing the partition coefficients and increasing 
the threshold concentration of the flavor (Ho & Chen, 1994). Method of cooking would 
embody all factors involved in cooking process, such as temperature, heating instrumentation 
(boiling in water vs. convection heated) and state of pork pre-cooking. 
Pork flavor is assigned to a cooked product, as most people generally do not consume 
raw pork. During cooking, thermal and oxidative degradation of triglycerides from adipose 
tissue occurs. Thermal degradation of lipids includes dehydration, decarboxylation, and 
hydrolysis (Nawar, 1969 &1989). These reactions lead to products such as free fatty acids, 
saturated and unsaturated hydrocarbons, ketones, lactones and esters. Volatile compounds in 
cooked pork are also formed by autoxidation. The accepted mechanism of lipid oxidation 
involves hydorperoxide formation, followed by a production of fragments containing various 
functional groups (Min & Ahn, 2005). With respect to unsaturated lipids, large quantities of 
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functional groups produced are in the form of free radicals. Reaction of oxygen with the lipid 
free radical creates peroxy radicals, which form hydroxyperoxides, and are ultimately 
cleaved to give a lipid oxy-radical and a hydroxyl radical (Frankel, 1983). These reactions 
give rise to large amounts of aldehydes, alkanes and alkylfurans, which are predominant 
flavor compounds in cooked pork. In summation, ketones assigning pork flavor are 
predominately predicted by degradation of lipids upon cooking, and aldehydes are predicted 
by the degree of autoxidation (Shahidi, 1994). As aldehydes and alkanes comprise a majority 
of the flavor profile of pork, below is a chart depicting the origin of key aldehydes and 
alkanes from oxidation of lipid building blocks - fatty acids. 
Fattv Acid of Oril!in Aldehvdes Alkane 
Octanal 1-Decene 
Oleic acid (Cl8:1) Nonanal 1-Nonene 2-Undecanal Octane 
Dec anal Heotane 
Hexanal 
Linoleic acid (Cl8:2) 2-Nonenal Pentane 2-Nonenal 
2,4-Decandienal 
Arachidonic acid (C20:4) 3-0ctenol Pentane 
4-Heptadienal 
Linolenic acid 3-Hexenal Ethane 3-Hexenal (Cl8:3) 2-Pentenal Ethylene 
Propanal 
Yin & Porter, 2005; Milne & Porter, 2001 
Greater concentrations of these oxidation products are observed when 
polyunsaturation of the lean and adipose tissue is higher (Morrissey et al., 2003). Greater 
concentrations of lipid oxidation products are indicative of poorer pork flavor profiles, and 
are generally unacceptable by consumer standards. Therefore, the susceptibility to oxidative 
rancidity by unsaturation is related to consumer acceptance of pork in a negative manner; 
higher concentrations of lipid oxidation products will negatively influence flavor (Shahidi 
and Pegg, 2004; Shahidi, 2001). 
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These intrinsic factors relating are all subsequently related to lipid oxidation activity 
in pork (Yin et al., 2003). In-vitro experimentation with 4- hydroxynonenal (4-HNE), a 
secondary product of lipid oxidation, concluded porcine metmyoglobin formation was 15% 
greater in the presence of 4-HNE than an aldehyde-free control (Lee et al., 2003). Therefore, 
methods of controlling lipid oxidation in pork are heavily being researched and implemented 
(Min and Ahn, 2005). Muscle type, degree ofunsaturation of fatty acids and levels of 
endogenous antioxidants all are known to affect lipid oxidation in pork (Chan & Decker, 
1994). Polyunsaturated fatty acids (PUFAs) and exercise-induced stress are known to 
increase the oxidative susceptibility of lipids in muscle tissue. In contrast, antioxidative 
enzymes, e.g., catalase, superoxide dismutase, and glutathione peroxidase, are known to help 
sustain the delicate oxidative balance in biological tissue upon the application of stressors 
(Young et al., 2003). 
Histidine-containing dipeptides, anserine and camosine are found in greater 
concentrations in muscle high in white fibers. In pork, anserine and camosine are thought to 
inhibit lipid oxidation by a combination of free radical scavenging and metal chelation (Chan 
& Decker, 1994; Wu et al., 2003). 
Other factors affecting pork flavor are the concentration of malodorous compounds in 
fat, such as indole and skatole, which cause unpleasant odors when cooking pork. These 
compounds can be absorbed from excreta through the skin and respiratory tract, giving rise to 
impaired quality in pork (Edwards, 2004). Increased exposure to malodorous compounds 
from excreta buildup in may affect the flavor profile and acceptability of pork. 
Hansen et al. (1994) suggested that housing deep-bedded pigs intensively without 
continuous bedding change may increase the risk of pork taint, negatively affecting pork 
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flavor. Specific compounds relating to meat taint in that experiment (Hansen et al., 1994) 
were skatole and indole, which are directly related to bore taint and stored in the adipose 
tissue (Ruis et al., 2001 ). Other compounds contributing to poor pork flavor are aldehydes, 
furans, and sulfides (Shahidi, 1994, Mottram, 1991). A recent experiment by Schiffman et al. 
(2001) quantified odors of several swine operations in North Carolina. Among those 
contributing to excreta emissions were 1,3-pentadiene, 2-butenol, 2-butanol, 1-hexanol, 
cyclobutane, 2-heptene, propanoic and formic acid, carbon and dimethyl disulfide, propanal, 
2-pentanal and 2-hexanal. Due to the similarity in emission volatiles and lipid oxidation 
products, an interesting question is posed concerning the effect of volatile absorption on pork 
flavor. The ability of volatile organic compounds to be absorbed into adipose and lean tissue 
in swine, and the resulting consequence to the pork industry and pork consumers is not 
known. 
Environmental Influence on Pork Quality 
Introduction 
Studies examining environmental affects on pork quality have yielded widely 
differing conclusions (Sather et al. 1997; Gentry et al., 2002a, 2002b; Van der Wal et al, 
1991; Warriss et al. 1983). As of yet, a conclusive cause and effect of environment on pork 
quality has not been determined. 
The amount of contributing variables relating to this hypothesis makes ascertaining it 
problematic. Season, genetics and nutrition, growth and development, carcass composition 
and consumer acceptance should all be placed under careful examination in determining 
which environment is the most influential on specific pork quality attributes. As specified 
earlier, two items differing between standard confinement systems and alternative production 
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systems is exposure to temperature fluctuation and stocking density differences. Indirectly, 
these two items may result in changes in the physiological stress of the pig in the pre-
slaughter period, which has been shown to affect several pork quality attributes (Foury et al., 
2005; Desautes et al., 1997). For the purpose of this literature review, an explanation 
regarding the influences of these two attributes on pork quality will be discussed. 
Temperature 
The exposure of pigs above and below their thermoneutral range during periods of 
growth has shown to influence pork quality attributes (Rinaldo et al., 2001; Bee et al., 2004). 
Finishing pigs are particularly susceptible to high temperatures due to their decreased 
evaporative critical temperature (Black et al., 1993). As pigs get older and larger, their 
optimum temperature decreases so that ill effects of heat stress are more often seen in 
finishing swine, sows and boars. In these categories, heat stress effects can manifest from 
20°C upwards. If temperatures remain above 27°C for more than 2-4 days, substantial losses 
in performance and reproductive efficiency can result unless some type of cooling relief is 
provided (Coffey et al., 1982; Brown-Brandl et al., 2004). In alternative production systems 
where pigs are exposed to temperature fluctuations, it seems probable that there may be 
stress-induced responses leading to variations in pork quality. 
One attribute affected by temperature exposure is lipid deposition and fatty acid 
profile composition. The degree of unsaturation of pork and level of inter and intramuscular 
fat are important from a pork quality standpoint. The components of meat quality influenced 
by fatty acids are fat tissue firmness (hardness), shelflife (lipid and pigment oxidation) and 
flavor, thereby influencing pork acceptability. Higher levels of unsaturation will lead to 
softer, less firm fat (Wood et a., 2004). The National Pork Producers Council (NPPC, 1999) 
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defined soft fat as one of the major issues related to fat quality. Problems from soft fat arise 
during cutting, grinding and slicing operations and can result in lower processing yields and 
reduced value. In Japan, soft fat is subjectively evaluated and may be a cause for the down-
grading a pork carcass (Irie, Sakimoto, & Ohmoto, 1983). The effect of fatty acids on shelf 
life is due to the propensity of unsaturated fatty acids to oxidize, leading to the development 
of rancidity during storage or retail display. Sensory analysis has shown that increased levels 
of unsaturated fatty acids in pork are negatively preferred by pork consumers with respect to 
flavor (Kouba, Enser, Whittington, Nute & Wood - in press) due to higher concentrations of 
lipid oxidation products (Shahidi, 2001). 
Pigs finished in colder temperatures generally exhibit lower degrees of 
polyunsaturation with less total lipid (inter and intramuscular) compared to pigs finished at 
thermonuetral or warmer temperatures (Hogberg et al., 2004; Bee et al., 2004; Le Bellego et 
al., 2002). A recent study by Rinaldo et al. (2004) showed that pigs finished at temperatures 
above 27 .9°C caused variations in lipid deposition and type, where exposition to the higher 
temperature resulted in a higher lipid content of the outer layer ofbackfat and a higher degree 
ofunsaturation of fat in the entire backfat compared to pigs finished at 20°C. In a cold 
temperature study, Bee et al. (2004) reported pigs finished outdoors, with temperatures 
averaging 5°C, had lower intramuscular lipid deposition compared to pigs finished at 20°C. 
The pigs exposed to 5°C also deposited larger concentrations of polyunsaturated fatty acids 
in the loin. 
Lebret et al. (2002) conducted an experiment in which pigs were finished in semi-
outdoor alternative environments during summer and winter months. Sensory analyses of 
dry-cured ham from these pigs showed that pig rearing conditions influenced the product 
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appearance. Hams from winter reared pigs exhibited lower homogeneity and intensity of 
color, and higher marbling scores than summer reared pigs. 
Therefore, it seems likely that extreme deviation in any direction from the thermoneutral 
zone can lead to variations in pork quality. 
Stocking Density 
Allocating more space during finishing has been shown to affect behavior and 
perimortem metabolism (Klont et al., 2001). Variations in perimortem metabolism will 
induce changes in the conversion of muscle to meat, leading to differences in ultimate pork 
quality. Several studies have reported increased acceptability of pork from pigs finished in 
alternative systems which allocate more space (Millet et al., 2004; Estevez et al., 2003; 
Gentry et al., 2002a, 2002b; Beattie et al., 2000). 
Gentry et al. (2002b) reported pigs finished in deep-bedded system at 9 .2m2 /pig had 
loins with a higher 1 hour pH measurement and higher degree of marbling in the loin than the 
pigs finished alternatively in a confinement at 0.93m2/pig. In that experiment, loins from the 
deep-bedded group had higher scores for firmness than loins from the pigs in confinement, 
but no differences were detected in color or drip loss. Higher firmness scores were most 
likely driven by the increased lipid content of the loin. Petersen et al. (1997), indicated that 
loins from Duroc gilts measured a higher initial pH, but unchanged ultimate pH, when 
finished in confined spaces compared to females finished in larger, "free" spaces. Therefore, 
pH decline was different in pigs based on space allotment during finishing. 
Huff-Lonergan et al. (2002) reported that the biochemical-instrumental measures 
most closely correlated with pork firmness were lipid concentration, color, post-rigor pH and 
glycolytic potential. Glycolytic potential (GP) is an estimate of the amount of glycogen and 
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all compounds present in muscle that can be converted into lactic acid at slaughter. The 
higher the glycolytic potential in muscle at slaughter, the higher the extent of muscle pH 
decline (Monin and Sellier, 1985). Huff- Lonergan et al. (2002) reported glycolytic potential 
was correlated with loin firmness (-.22), where as post-rigor glycogen percentage was not 
significantly correlated. Post-rigor pH is often associated with product firmness as a result of 
a low ultimate pH or more rapid pH decline. Because of the strong correlation between pH 
and glycolytic potential, the necessity of comparing these two attributes by finishing 
environment and noting the effects on pork quality are warranted. 
To elucidate the effect of alternative environments and stocking density on pork 
quality, Lambooij et al. (2004) conducted an experiment finishing pigs at either 0.70m2/pig 
(confinement) or l.25m2/pig (free-range). In that study, there were significant differences 
with respect to meat quality and post mortem metabolism of the longissimus lumborum 
between confinement and free-range pigs. Early postmortem pH (0-4 h) was highest in the 
free-range pigs, due to low lactate concentrations. The relatively fast pH decline in the 
confinement group resulted in increased amounts of water exuding from the meat after 5 days 
of storage. The ultimate pH was lowest in the free-range animals. The differences in ultimate 
pH, however, had no effect on drip or cooking losses. Lambooij et al. (2004) concluded that 
enrichment of the housing system has little effect on the extent of the post mortem 
metabolism and meat quality. Increasing the freedom of movement by applying lower 
stocking densities affected the post mortem muscle metabolism, resulting in reduced water 
exudation, thereby affecting pork quality. 
Studies have shown that pigs from enriched environments with larger space allocation 
load easier prior to abattoir transport, and display lower levels of observable stress before 
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slaughter (Geverink et al. 1999; De Jong et al., 2000). Pigs finished at higher densities have 
shown an increased salivary cortisol level after transport and during lairage than pigs finished 
in enriched environments (De Jong, 2000). Cortisol levels can be a strong determinant of pre-
slaughter stress, and are proportional to pre-slaughter stress. It is realistic that pigs less 
susceptible to stress would have a normal rate and extent of pH and temperature decline, 
resulting in pork with higher consumer acceptability. Based on the literature stated, it also 
seems probable that increasing space within alternative systems may alleviate some portions 
of pre-slaughter stress in the period of finishing. The question of pre-slaughter stress and 
stocking density needs to be addressed to evaluate the difference in pork quality seen 
between alternative finishing environments. 
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Abstract 
The purpose of this study was to compare effects of finishing environment on growth 
performance, pork quality and adipose tissue attributes of pigs. Environments compared were 
standard confinement and deep-bedded semi-outdoor systems. The deep-bedded method 
employed in the current study was the use of hoop structures. Hoops are large, tent-like 
shelters with cornstalks or straw for bedding. One hundred gilts ranging in weight from 59 to 
71 kg were randomly assigned to treatments of Hoop (n = 50) and CON (n = 50) 
environments. Gilts were fed a two-phase diet ad libitum for a standard period of 45 days. 
One gilt was randomly chosen to represent each weight group to total six pigs per treatment 
for observations and measurements. Hoop pigs gained significantly (P<0.01) less per day and 
required significantly (P<0.01) more feed for lean growth than CON pigs. CON pigs were 
significantly fatter at the 10th rib, which lowered carcass %FFL. CON pigs had significantly 
(P<0.05) greater marbling scores in the loin compared to hoop pigs. Significant replication 
effects were noted on beginning weight, live weight, carcass weight, %FFL, backfat, lipid % 
and adipose firmness. Hoop pigs had significantly (P<0.05) lower proportions of Cl6:0, and 
significantly (P<0.05) higher deposition of Cl 8: 1 and Cl 8:2 in the inner layer of adipose 
tissue, Total SAT was significantly (P<0.01) lower, and total PUFA was significantly 
(P<0.01) higher in inner layer of adipose tissue of hoop pigs. Significant replication and 
treatment by replication interactions were observed for individual fatty acids. Variations in 
fatty acid composition and lipid deposition may have been caused by environmental 
temperature. Decreases in temperature accompanied compositional variation of the adipose 
leading to higher MUF A and lower SAT and PUF A contents of all pigs. These data indicate 
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finishing pigs in hoop structures allows for exposure to fluctuating temperatures, which may 
influence growth, adipose tissue composition and firmness in pigs. 
Introduction 
A recent trend in pork production is the incorporation of alternative production 
methods. This trend is primarily driven by lower cost of production (Thornton, 1988), and 
growing consumer interest in alternatively produced pork. Consumers are willing to pay 
more for pork products from pigs grown indoor-ntensively (Dransfield, Ngapo, Nielsen, 
Bredahl, Sjoden & Magnusson et al., 2005). Opportunities for niche marketing accompanied 
with lower investment costs have caused some producers to switch from standard 
confinement systems to semi-outdoor, alternative systems (Honeyman, 1996). Extensive 
systems such as outdoor, free-range, and deep-bedded semi-outdoor systems are alternative 
systems utilized in the swine industry (Miao, Glatz & Ru, 2004). Deep-bedded hoop 
structures (also referred to as hoop barns or simply hoops) are tent-like structures consisting 
of metal pipe arches, or trusses, covered by a polyethylene fabric tarp attached to concrete or 
wooden sidewalls. The pigs are kept inside the hoop with most of the floor area covered by 
bedding such as straw or cornstalks (Honeyman, Harmon, Kliebenstein & Richard, 2001 ). 
Several items differ between hoop structures and standard confinement systems, 
including the use of straw for bedding and subjection of animals to a greater variety of 
seasonal weather changes. In addition, using deep-bedded structures is an environmental 
enrichment strategy that has been shown to stimulate foraging and/or explorative behavior 
(O'Connell, Beattie & Moss, 2004, De Jong, Ekkel, Van de Burgwal, Lambooij, Korte & 
Ruis, 1998). Housing pigs in alternative environments also supports increasing spontaneous 
exercise and exploratory behavior (Morrison, Hemsworth, Cronin & Campbell, 2003a; 
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Gentry, McGlone, Blanton Jr., Miller, 2002; Beattie, Walker, & Sneddon, 1996) which may 
lead to changes in stress susceptibility, thereby influencing growth performance and ultimate 
pork quality (Morrison, Hemsworth, Cronin & Campbell, 2003b; Klont, Hulsegge Hoving-
Bolink, Gerritzen, Kurt, Winkelman-Goedhart et al. 2001). Few studies have compared 
growth characteristics from confinement systems to deep-bedded systems (Honeyman & 
Harmon, 2003; Gentry et al., 2002a). Substantial variation in growth performance and pork 
quality has been noted in opposing seasons confinement and deep-bedded systems 
(Honeyman& Harmon, 2003; Lebret, Massabie, Granier, Juin, Mourot & Chevillon, 2002). 
Seasonal alterations in fatty acid profiles (Bee, Guex & Herzog, 2004; Cava, Ventanas, Ruiz, 
Andres & Antequera, 2000), flavor attributes of fresh pork, including intensity and pork 
flavor (Gentry, McGlone, Miller, & Blanton, Jr., 2002b) and overall flavor acceptability 
(Enfalt, Lundstrom, Hansson, Lundeheim, & Nystrom, 1997) have also been noted between 
pigs finished in deep-bedded systems compared to indoor systems. 
The flavor profile of pork is predicted by the amount of lipid and fatty acid profile 
present in inter- and intramuscular fat of the pork (Ho, Oh & Bae-Lee, 1994). Other factors 
affecting pork flavor are the concentration of malodorous compounds in fat, such as indole 
and skatole, which cause unpleasant odors when cooking pork. These compounds can be 
absorbed from excreta through the skin and respiratory tract, giving rise to undesirable 
quality in pork (Edwards, 2004). Therefore, environment induced alterations in amount and 
type of adipose tissue, and increased exposure to malodorous compounds from excreta build 
up in may affect the flavor profile and acceptability of pork. 
No research has been conducted comparing pork quality and adipose tissue 
composition specifically between deep-bedded hoop systems and confinement systems. 
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Consequently, this study was undertaken to compare pigs finished in standard confinement 
systems to pigs finished in deep-bedded, semi-outdoor structures and the effects of swine 
performance, pork quality and adipose tissue composition. 
Materials and Methods 
Animal Selection: At four months of age, five groups of 68 gilts were weighed into allotment 
blocks by weight. From those weight allocation blocks, gilts ranging in weight from 59 -
71kg were randomly assigned to treatments of either hoop (H, n = 50) or confinement (C, n = 
18). Stocking density in each treatment environment was 0.70m2/pig. Gilts assigned to H 
treatment were transported to the Iowa State University Western Research Farm, Castana, 
IA. Gilts allocated to the confinement treatment were moved into a finishing pen at the ISU 
Swine Nutrition Farm. Gilts were fed a two-phase diet (Table 1) ad libitum for a standard 
period of 45 days. At 45 days, gilts were weighed and allocated into pre-slaughter groups 
stratified by weight. One gilt was randomly chosen to represent each weight group for a total 
of six pigs from each treatment group. All pigs were transported 126 miles prior to delivery 
to the ISU Meat Laboratory for processing. 
Growth and Performance: Initial weight, 21- and 45-day weight, and slaughter weight were 
obtained for each pig. Average daily gain (ADG, g/day), feed conversion (G:F) and shrink 
(%)during transport and lairage were calculated for each pig. Percent shrink was calculated 
by [(farm weight- slaughter weight)/ farm weight] *100. 
Slaughter and Sample Collection: Feed was removed 18 hours prior to slaughter. Gilts were 
randoMLy assigned to a kill order, and subsequently rendered unconscious by way of 
electrical stunning at the ISU Meat Laboratory. Carcasses were exsanguinated via jugular 
depletion, eviscerated, and inspected according to USDA/FSIS humane slaughter regulations. 
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Carcasses were placed in a 0°C cooler and chilled for 24 hours. After 24 hours, carcasses 
were ribbed at the 1 Oth-11 th rib interface for carcass composition and pork quality evaluation .. 
Right side loins were fabricated according to Figure 1. Two 20 g samples of adipose tissue 
from the blade end of the loin were obtained for fatty acid analysis and fat firmness 
measurement. Four subsequent 2.54 cm chops were obtained for star probe analysis; the first 
two chops were assigned an aging period of 24 hours and the second two were assigned an 
aging period of 120 hours. Three subsequent 2.54 cm chops were obtained for objective 
color and drip loss analysis. Sirloin ends of pork loin were obtained for purge analysis. All 
samples were vacuum-packaged and held until analysis was conducted. 
Carcass Composition and Pork Quality: Temperature and pH measurements were taken by a 
penetration probe at 1, 6 and 24 hours postmortem on right side loins using a Hanna 9025 
pH/ORP meter (Hanna Instruments, Woonsocket, RI.) The pH probe was calibrated with 
temperature at each time period using two buffers (pH 4.2 and pH 7.10), and was calibrated 
after each carcass. Carcasses were ribbed between the 1 oth and 11th ribs and allowed to 
bloom for approximately 45-minutes. At 45 minutes, carcasses were assigned a score for 
color, firmness, wetness and marbling. A trained panel (n = 2) used the National Pork Board 
(NPB) (1 =pale, 6 =dark) standards to determine a color score for each loin eye. Firmness 
and wetness were evaluated on a three point scale (NPB, 2000) (1 = soft and wet, 3 = firm 
and dry). Marbling values were based on NPB standards correlated to the concentration of 
intramuscular lipid (NPB, 2000). Backfat measurements at the 10th rib and last rib off the 
midline were obtained using a swine backfat probe. Loin eye area was measured using 
carcass grid. Percent fat free lean was calculated using the National Pork Board percent fat 
free lean calculation (NPB, 2000). 
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Four 2.54 cm chops from right side loins (Fig. 1) were stored in a vacuum bag at 4°C 
for 24 or 120 hours postmortem. After aging, chops were frozen in a -20°C blast freezer 
until needed for star probe analysis. Chops were then thawed at 4°C and cooked in a 
convection oven (140°C) until an internal endpoint temperature of 72°C, flipping once at a 
mid-cook cycle temperature of 35°C. Pre- and post-cooked weights were recorded and used 
to calculate cooking loss percentage. After cooking, chops were cooled at 4 °C overnight 
prior to measurement. The chops were allowed to equilibrate at room temperature for 2 
hours before star probe analysis. An objective, instrumental measure of tenderness was 
evaluated on two chops per ageing period per pig by using a circular, five-pointed star probe 
attached to a TA-XT2 Texture Analyzer (Texture Technologies, Scarsdale, NY). The star 
probe was 9 mm in diameter with 6 mm between each point. The angle from the end of each 
point to the center is 48°. A 10-kg load cell was used with a cross-head speed of200 mm/s. 
The amount of force (kg) required to puncture and compress the chop to 20% of sample 
height was recorded, and the mean of four measurements per chop was used for statistical 
analysis. 
Hunter L *, a* and b* values were determined at 1 day postmortem on 2.54 cm thick 
chops (Fig. 1 ). Samples were allowed to bloom for 1 hour at room temperature and were 
analyzed on a calibrated Hunter Labscan colorimeter (Hunter Association Laboratories Inc.; 
Reston, VA). A CIE D/65 10° standard observer and a 1.27 cm viewing port were used to 
obtain three color measurements on each of three chops. All nine color measurements were 
used to determine an average color score for each loin. 
Drip loss was determined using 2.54 cm-thick boneless chops (two per loin) by 
similar method to Lonergan, Huff-Lonergan, Rowe, Kuhlers, and Jungst (2001). Chops were 
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towel dried to remove excess surface moisture, weighed and stored in a sealed plastic bag 
held under atmospheric conditions at 4°C. The liquid lost as drip was removed from each 
bag and measured after 120 hours of storage. Purge loss was measured on the sirloin after 
120 hours of storage at 4°C in a vacuum bag (Gardner, Huff-Lonergan, Rowe, Schultz-
Kaster, & Lonergan, 2005). Samples were towel dried and weighed in similar fashion to drip 
loss chops. Purge and drip loss were recorded as a percentage of the original weight of the 
sirloin by {[(initial chop/sirloin weight)-(final chop/sirloin weight)] I initial weight} * 100. 
Lipid Extraction: Adipose samples were separated into outer, middle, and inner layers. 
Approximately 3 g samples from inner layer only were weighed into a 50 mL test tube for 
total lipid analysis by the method ofFolch, Lees & Stanley (1957). After adding 30 mL of 
Folch I (chloroform:methanol = 2:1), 25qgof10% butylated hydroxyanisole dissolved in 
98% ethanol was added to each sample prior to homogenization. The samples were 
homogenized with a Brinkman polytron (Type PT 10/35) for 10 sat high speed. The 
homogenate was filtered through a Whatman #1 filter paper into a 100 mL graduated 
cylinder and 25% of volume (on the basis of filtrate) of 0.88% (w/v) NaCl solution was 
added. After the cylinder was capped with a glass stopper, the filtrate was mixed. The inside 
of the cylinder was washed twice with 2 mL of Folch II (chloroform:methanol:water = 
3:47:48), and the contents were stored until the aqueous and organic layers clearly separated. 
The upper layer was siphoned off, and the lower layer was transferred to a glass scintillation 
vial and dried at 50° C under a nitrogen flow. After phase separation, the volume of the lipid 
layer was recorded (mL), and the top layer was removed by siphon. 
Total Lipid Analysis: Total lipid analysis was conducted from the method Folch et al., 1957). 
Ten mL of extract from lipid extraction was placed into a preweighed scintillation vial. The 
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vial was placed on a hot plate (50°C) and evaporated under a nitrogen stream. After cooling, 
the vial was reweighed and a lipid weight was determined. Total lipid percentage was 
calculated as: percentage total crude lipids= {[(lipid weight, g *lipid layer volume, mL)/ 10 
ML] I [sample weight, g]} * 100. 
Fatty Acid Analysis: For each sample, an amount ofFolch extract containing 2.5 mg total 
lipid was placed into a 20 mL methylation tube. The sample was dried under N2 at 50 °C. 
After drying, one mL of methylating reagent (boron fluoride methanol, BF 3 :methanol) was 
added and the tubes were incubated in a water bath at 60°C for 40 minutes (Morrison & 
Smith, 1964). After cooling to room temperature, 2 mL of hexane and 5 mL of water were 
added, mixed thoroughly, and left at room temperature overnight for phase separation. The 
top (hexane) layer, containing methylated fatty acids, was used for gas chromatographic 
analysis (Jo and Ahn, 2000). Analysis of fatty acid composition was performed with a 
Hewlett Packard (HP) 6890 gas chromatograph (Hewlett Packard Company, Palo Alto, CA) 
equipped with an autosampler, flame ionization detector, and SP-2560 fused silica capillary 
column (100 m x 0.25 mm x 0.2-µm film thickness) Two microliters of sample was injected 
with helium as carrier gas (1.0 mL/min) onto the column. The initial column temperature 
was set at 110 °C, held for 0.5 minutes, increased by 20 °C/min to 200 °C, and held for 50 
minutes. The temperature was then increased by 10 °C/min to 230 °C and held for 5 minute. 
Inlet and detector temperatures were 250 °C. Peak areas and percentages were calculated 
using HP ChemStation™ software. Fatty acid methyl esters were identified by comparison 
with retention times of standards purchased from Sigma-Aldrich (St. Louis, MO.). Fatty acid 
values and total lipids were expressed as weight percentages of adipose tissue sample. 
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Adipose Firmness: Adipose samples were cut into 5 x 3 cm squares and analyzed for 
firmness using a method modified from Nishioka and Irie (2005). Samples were evaluated 
using TA-XT2 Texture Analyzer {Texture Technologies, Scarsdale, NY) with a W' diameter 
ball shaped probe. Sample height was noted by the testing machine, and the probe was 
driven downward at 2mm/sec to a depth of 20 % of the sample height. Force exerted (kg) 
and sample height (cm) were recorded for three separate positions on the square, and were 
averaged by sample for statistical analysis. 
Volatile Profile Analysis: Approximately 20 g of subcutaneous adipose tissue and 20 g of 
lean was excised from the blade end of the longissimus dorsi. Adipose tissue was obtained 
from subcutaneous layers adjacent to 1st rib section from blade end of the longissimus dorsi, 
and divided into the outer, middle and inner layers. The inner layer was isolated for further 
analysis. Lean was excised from 1st rib section from blade end directly beneath the adipose 
tissue sample. Samples were packaged and sealed under vacuum pressure, and kept at -20 °C 
until further analysis. Volatile organic chemicals were analyzed using a Solatek 72 
Multimatrix-Vial Auto Sampler/Sample Concentrator 3100 {Tekmar-Dohrmann) connected 
to a GC/MS (Model 6890/5973, Hewlett-Packard Co.) according to the method of Ahn et al. 
(2001). Samples (3 g) were minced and placed in a 40 mL sample vial, flushed with helium 
gas (2.8 kg/cm2) for 3 seconds, and then capped airtight with a Teflon*fluorocarbon 
resin/silicone septum (I-Chem Co.). The maximum waiting time for a sample to be in a 
loading tray (4 °C) to analysis was less than 2 hours to minimize oxidative changes. Meat 
samples were purged with helium ( 40 mL/min) for 14 min at 80 °C. Volatiles were trapped 
using a Tenax/charcoal/silica column {Tekmar-Dohrmann) and desorbed for 2 min at 225 °C, 
focused in a cryofocusing module (-80 °C), and then thermally desorbed into a column for 60 
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sat 225°C. Acids, phenols, and indoles were detected using an HP-Wax column (60 m, 0.25 
mm i.d., 0.25 µm nominal) was used. Sulfur compounds were detected using an HP-624 
column (7.5 m, 0.25 mm i.d., 1.4 µm nominal), an HP-1 column (60 m, 0.25 mm i.d., 0.25 
µm nominal), and an HP-Wax column (7.5 m, 0.25 mm i.d., 0.25 µm nominal) were 
connected using zero dead-volume column connectors (J &W Scientific, Folsom, CA, USA). 
Ramped oven temperature was used to improve volatile separation. The initial oven 
temperature of 0 °C was held for 1.5 minutes. After that, the oven temperature was increased 
to 15 °C at 2.5 °C per minute, increased to 45 °C at 5 °C per minute, increased to 110 °C at 
20 °C per minute, and then increased to 210 °C at 10 °C per minute and held for 2.25 minute 
at that temperature. Constant column pressure at 154,945 pa was maintained. The ionization 
potential of the mass spectrometry was 70 eV, and the scan range was 19.1 to 350 mlz. The 
identification of volatiles was achieved using the Wiley library (Hewlett-Packard Co.). The 
area of each peak was integrated using ChemStation™ software and the total peak area (total 
ion counts x 106) was reported as an indicator of volatiles generated from the samples. Data 
are reported as ion counts. 
Statistical Analysis 
The influence of environment on gilt performance, pork quality and adipose tissue 
composition was analyzed using general linear model (GLM) procedures of SAS (SAS, 
Institute, Cary, NC). Experimental model included treatment (Hoop or Confinement) and 
replication and interactive effects of treatment and replication as independent variables. 
Pairwise comparisons of means were carried out using tukey's test with an alpha= 0.01. 
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Results 
Growth and Performance. Initial weight and slaughter weight were not influenced by 
treatment (Table 2). Pigs finihshed in hoops gained less per day, but had a higher feed 
efficiency than confinement finished pigs (P<0.01). Hoop finished pigs lost more less weight 
as shrink during transport and lairage (2.32 v. 4.48) compared to CON pigs. Carcass weights 
differed between the two groups (P<0.05), though there were no significant differences in 
dressing percent at slaughter. Carcass from confinement finished pigs were fatter at the 10th 
rib (P<0.05) and had lower lean percentages than hoop finished pigs (55.50 v. 56.87% 
respectively), (P<0.01). In addition, there were no significant differences in loin eye area 
(LEA). 
Replication differences were noted in beginning weight, live weight, carcass weight, 
fat free lean, and backfat thickness at the 10th rib as well as the last rib. When significant 
replication effects were noted, treatments (environment) by replication interactions were also 
seen. This indicates that main effects of replication group as well as environment had a 
significant effect on amount of lean gain and fat deposition. These effects were not noted in 
growth characteristics such as ADG and feed utilization. 
Pork Quality: Differences between the two environments on pork quality were limited to 
lipid attributes (Table 3). There were no differences in the temperature or pH decline 
between hoop and CON finished pigs. There were no significant differences in NPB color, 
firmness or wetness of the loin. Confinement pigs had higher levels of marbling in the loin 
compared to hoop pigs (P<0.01). No differences were observed in objective color 
measurements, percentage drip or purge loss between the two treatment groups. Star probe 
texture measurements taken at 24 and 120 hours of ageing did not differ between hoop and 
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CON finished pigs, as well as cooking loss percentage upon preparation for star probe 
analysis. Significant replication effects were noted only for objective color measurements 
and loin eye area. The main variation between the two environments was limited to fat 
deposition in the loin. 
Adipose Composition and Firmness: Hoop-finished pigs had lower (P<0.05) proportions of 
palmitic acid (C16:0), and higher (P<0.05) deposition of oleic (Cl 8:1, n9) and linoleic 
(Cl8:2) acids in the inner layer of adipose tissue (Table 4). As would be expected, these 
differences led to overall differences in proportions of total saturated (SAT) and total 
polyunsaturated (PUPA) fatty acids in the adipose tissue. Of these, total saturation was lower 
(P<0.01), and total polyunsaturation was higher (P<0.01) in hoop finished pigs. 
There was a significant replication effect noted for the individual fatty acids, with the 
exception of myristic, margaric acid, heptadecanoic acid (Cl 7:1) and docahexaenoic acid 
(DHA). Therefore, within the five replications of the experiment, there were significant 
differences in the proportions of these fatty acids in the inner layer of adipose tissues. In 
addition, when a replication effect was noted, a replication*treatment interaction was also 
detected. 
Adipose tissue firmness and sample height were similar between treatments. (Table 
5). In an effort to ascertain if concentrations of individual fatty acids affect the firmness of 
adipose tissue, Pearson Correlation Coefficients were calculated for each fatty acid on the 
firmness measurement of force (Table 6). Saturated acids, such as palmitic, stearic, were 
significantly correlated to peak force applied to the fat sample in a positive relationship. 
Therefore, as saturation increased, the samples were firmer. Unsaturated acids, such as 
palmitoleic, oleic, trans-vaccenic and linoleic acids all were negatively correlated to force. A 
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negative correlation (-0.24) was reported from percentage ofMUFA in the adipose tissue and 
adipose tissue firmness. There was no significant correlation between polyunsaturation and 
firmness. 
Volatile Organic Profile: Common volatiles were defined as those that were observed in each 
treatment and each repetitive group, unique volatiles were those observed in only one 
treatment. There were limited variations in the common volatile organic profile between 
hoop and CON treatments in lean and adipose tissue (Tables 7 and 8). The lean tissue of 
hoop finished pigs had less octamethyl cyclotrisiloxane, a common hydrocarbon found in 
fresh pork (Ho et al., 1994). Adipose tissue of hoop pigs contained greater amounts of 3-
butanal and heptanal, which are both products oflipid oxidation (Ho et al., 1994). Overall, 
the lean tissue had higher amounts of volatile organic compounds than adipose tissue. Table 
9 denotes the frequency of unique volatile organic compounds that were observed in lean 
tissue. CON pigs had higher deposition of alcohols and sulfides, where hoop pigs had higher 
observed frequencies ofketones, hydrocarbons, acids, and aldehydes in the lean tissue. 
Mimicking the common volatile profile, the unique volatile profile of the adipose tissue was 
more limited than the lean tissue, with less total volatiles comprising the profile (Table 10). 
Hoop pigs had higher observed frequencies of alkanes, alcohols and sulfides. 
Discussion 
Few studies have been conducted comparing alternative environments to confinement 
systems on swine performance and carcass composition. Larson, Honeyman and Penner 
(1999) examined the use of hoop structures for finishing pigs compared to an unbedded 
confinement system and determined that pigs finished in hoops had a higher ADG and lower 
feed efficiency than pigs finished in confinement. These results (Larson et al., 1999) are 
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similar with the current study, with the exception of feed efficiency. In the current study, 
hoop finished pigs had a higher feed efficiency than confinement finished pigs. Overall, 
hoop finished pigs grew slower, ate less, and were less fat at the 1 oth rib than pigs finished in 
confinement (Table 2). In addition, carcasses from hoop pigs had a higher percentage of fat 
free lean (56.87 v. 55.50) compared to confinement finished pigs. Several other studies have 
noted lower levels ofbackfat in pigs finished outdoors or semi-outdoor systems compared to 
indoor finished pigs (Gentry et al., 2002; Warriss, Kestin & Robinson, 1983; Enfiilt et al., 
1997). One commonality between these studies is that the pigs were finished in fall or winter 
months. Interestingly, the opposite trend is seen when pigs are finished in alternative 
environments during the summer months. Honeyman and Harmon (2003) reported that pigs 
finished in hoop structures during the summer months had greater amounts ofbackfat at the 
10th rib than confinement finished pigs, and noted no difference in backfat measurements 
between hoop and confinement finished pigs during the winter months. Therefore, it appears 
that differences in feed intake and backfat deposition are related to ambient temperature. 
In the current study, replications spanned the months of August to November, 2004. 
The thermoneutral zone for pigs ranges from 17.2 - 22°C. Within the thermoneutral zone, 
pigs are able to maintain heat production approximately constant for a given energy intake 
(Bruce & Clark, 1979). Consequently, with the temperature fluctuations noted in this 
experiment (Figure 2ab ), both hoop and confinement finished pigs were exposed to 
temperature fluctuations above and below their thermoneutral target, with the more extreme 
exposure being in the hoop finished pigs. Generally, pigs exposed to colder temperatures 
will have increased levels of feed intake with a decrease in feed utilization for lean gain due 
to maintenance requirement of the animal for body heat (Quiniou, Dubois & Noblet, 2000). 
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Interestingly, there were no replication effects on ADG or feed efficiency on either treatment 
group. Therefore, as temperatures grew colder in each treatment (Figure 2ab ), there were no 
significant effects on ADG or feed efficiency of the pigs. However, there were replication 
effects, and treatment by replication interactions noted for live weight, carcass weight, 
backfat deposition at the 10th and last rib, as well as percent fat free lean. With no change in 
feed intake, it is probable that the effect of ambient temperature may play a role in 
metabolism, specifically in fat deposition and lean gain. 
Grandin (2003) considered that environmental enrichment (access to toys, outdoor 
rearing etc.) reduced excitability in hogs, which in tum allowed easier handling and less 
stress prior to slaughter. One of the hypotheses of the current study was that deep bedded 
semi-outdoor finishing environments may reduce stress susceptibility and behaviors that have 
been noted to lead to aberrant pork quality (Klont et al., 2001, Sather et al., 1997). In the 
current experiment, the effect of finishing environment had small affects on pork quality 
attributes, with the main difference between the two finishing treatments being an increase in 
marbling within the loin in confinement finished pigs. 
Fatty acid profile in the inner layer of adipose tissue was affected significantly by 
environmental treatment (Table 4). The inner layer was chosen for analysis as it has been 
shown to be the most susceptible to depositional changes during finishing (Leymaster & 
Mersmann, 1991; Wamants, Van Oeckel, and Boucque, 1999). Hoop-finished pigs had 
higher deposition of linoleic and oleic acid, and lower deposition of palmitic acid. These 
differences corresponded to significant alterations between environments within the adipose 
tissue, with lipid from adipose in hoop pigs being significantly less saturated than 
confinement pigs. Main factors affecting fatty acid composition are diet, fatness, age/body 
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weight, gender, breed, environmental temperature, depot site, maintenance, and hormones 
(Numberg, 1998, Wood & Enser, 1997). As noted earlier, fatty acid profiles varied 
significantly by replication. With the exception of four fatty acids (myristic, margaric acid, 
heptadecanoic acid (Cl 7: 1) and docahexaenoic acid (DHA), fatty acids varied by replication 
and were affected by an interactive effect of treatment and replication (Table 4). This 
suggests that individual fatty acids were being deposited at different levels from replication 
to replication, and were also differing within the two treatments. One characteristic differing 
from replication to replication was ambient temperature (Figure 2ab ). The differences in 
ambient temperature were more pronounced in hoop systems compared to confinements. 
Fluctuations in ambient temperature due to alternative production systems have been shown 
to influence fatty acid composition in pigs (Bee, et al., 2004; Lebret et al., 2002; Lefaucheur, 
Ledividich, Mourot, Monin, Ecolan & Krauss, 1991 ). Overall, outdoor produced pigs have 
been shown to deposit more polyunsaturated fatty acids than their confinement counterparts 
(Hogberg, Pickova, Stem, Lundstrom & Bylund, 2004; Bee et al., 2004). Specifically, 
decreasing environmental temperature affected the fatty acid composition of the back fat 
leading to higher MUF A and lower SF A and PUF A contents of cold exposed pigs. The three 
fatty acids representing the largest variation from environment and replication to replication 
in this experiment were palmitic, oleic and linoleic acid. Table 11 shows the compositional 
changes of these specific fatty acids by treatment within the five replications of the 
experiment. Palmitic acid percentage decreased as temperature decreased, but was 
consistently lower in concentration in adipose of hoop finished pigs. Oleic acid dramatically 
increased in hoop finished pigs over the five reps (3 7. 72 to 41.56) where it decreased in the 
same fashion in confinement finished pigs (34.81 to 19.20). Linoleic acid decreased as 
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temperature decreased, but had a much more apparent decrease in confinement finished pigs. 
This observation is interesting in that temperatures did not vary as dramatically in 
confinement as in hoops systems. The large deviation in oleic acid, which is 
monounsaturated, created significant difference in MUF A, and a significant difference in 
PUF A between treatment groups. In an effort to discern these deviations, Pearson 
Correlation Coefficients were analyzed for each individual fatty acid against average and low 
temperatures (Table 6). Saturated acids, such as palmitic, margaric, stearic, arachidic acid 
were all significantly correlated to average and low temperatures. Unsaturated fatty acids 
such as palmitoleic, oleic, linoleic and arachidonic acids were all negatively correlated to 
average and low temperatures. These relationships resulted in a strong positive correlation 
between total saturation and low temperature. A strong negative correlation between 
monounsaturation and low temperature was also observed. These data verify that 
fluctuations in ambient temperature below the thermonuetral zone for pigs accompanied an 
increased in monunsaturation in the adipose tissue of pigs. Bee et al. (2004) reported the 
higher PUF A content was compensated by both a lower saturated and MUF A content in the 
outer layer ofbackfat tissue from outdoor reared pigs. In that study, pigs were finished 
during winter months in an intensive outdoor system with igloos for shelter. The ambient 
temperatures of the outdoor system averaged 5 - 27°C. One possible reason Bee et al. (2004) 
did not observe the increase in monounsaturation as in the current study is that the 
temperatures were colder in the current study. Figure 2 reports an average low temperature 
of-2.9°C. Iflow temperatures drive the deposition ofMUFA, then it seems probable that 
more MUFA would be deposited in the current experiment. Bee et al., (2004) measured the 
outer layer, as the current experiment was conducted on the inner layer. These two layers 
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differ significantly in deposition and metabolic behavior, which is another reason the 
increase in monunsaturation was not observed in that study (Bee, Gebert, & Messikommer, 
2002). 
One component of meat quality influenced by fatty acids is fat tissue firmness. Higher 
levels of unsaturation will lead to softer, less firm fat (Wood, Richardson, Nute, Fisher, 
Campo, & Kasapidou, et al. 2004). The National Pork Producers Council (NPPC, 1999) 
defined soft fat as one of the major issues related to fat quality. Problems from soft fat arise 
during cutting, grinding and slicing operations and can result in lower processing yields and 
reduced value. 
There were significant replication effects on the firmness of the tissue, as well as 
environment by replication interactions. When CON and hoop temperatures were similar, 
fatty acid profile and firmness was similar. However, when CON and hoop temperatures 
varied, fatty acid composition and firmness varied as well. The correlations provided in 
Table 6 are apparent indicators of total saturation and increasing firmness. In a recent review 
by Wood et al. (2004), it was reported that the concentrations of 18:0 and 18:2 are the best 
predictors of firmness of adipose tissue itself, the former being softer and the latter being 
firmer. Our results do not directly agree with this statement, as higher levels of 18:0 and/or 
18 :2 did not affect the firmness of the adipose tissue. 
Although environment did not affect fat firmness in this experiment, it seems logical 
that replication differences in fat firmness are the result of proportions of monounsaturation 
in the adipose tissue. The negative correlation of MUF A to fat firmness indicates that 
percentage of monunsaturation is a more apparent driver of adipose tissue firmness than 
polyunsaturation (Table 6). Hence, not only did environment not affect the adipose firmness, 
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but the differences in fatty acid composition did not affect the firmness of the adipose tissue. 
Linear regression analysis (Figure 3) identifies the relationship between total 
monounsaturation and firmness of the adipose tissue. A negative linear relationship (P = 
0.02) occurred when percentage MUF A was plotted against firmness measurements of peak 
force (kg). 
Hansen, Larsen, Jensen, Hansen-Moller and Barton-Gade (1994) suggested that deep-
bedded pigs housed intensively without continuous bedding change may increase the risk of 
pork taint, negatively affecting pork flavor. Specific compounds relating to meat taint in that 
experiment (Hansen et al., 1994) were skatole and indole, which are directly related to bore 
taint and stored in the adipose tissue (Ruis& Garci' a-Regueiro, 2001). Other compounds 
negatively identified with flavor are aldehydes, furans, and sulfides (Ho et al., 1994, 
Mottram, 1991 ). 
There were limited differences in common volatiles between treatments in the current 
study (Tables 7 and 8). Adipose tissue of hoop pigs had significantly higher amounts of 3-
butanal and heptanal compared to CON pigs. These two aldehydes are produced primarily by 
autoxidation of lipids, and are related to the amount of oleic and linoleic acids composing the 
adipose tissue (Schliemann, Wolm, Shrodter & Ruttloff, 1987). It seems logical that these 
compounds would be associated with hoop pigs granting previous discussion of the amounts 
of oleic and linoleic acid being much higher in hoop pigs. Tables 9 and 10 provided insight 
into environmental effects of certain volatile organic compounds. Given the observed 
frequencies, it seems that tissues from hoop finished pigs had higher amounts of alcohols, 
acids, and sulfides compared to CON pigs. Without performing similar profile analysis of 
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bedded materials, it cannot be stated that these frequencies were changed due to exposure to 
excreta. 
A recent experiment by Schiffman, Bennett and Raymer (2001) reported that 1,3-
pentadiene, 2-butenol, 2-butanol, 1-hexanol, cyclobutane, 2-heptene, propanoic and formic 
acid, carbon and dimethyl disulfide, propanal, 2-pentanal and 2-hexana contribute to excreta 
emissions from swine production facilities. When comparing these compounds to unique 
compounds observed in this experiment, they are very similar. Therefore, variations in 
volatile organic profiles between hoop and CON pigs may be explained by the increased 
exposure to emissions in hoops (Edwards, 2004). 
Conclusions 
Variations in finishing environment had specific effects on pork adipose attributes. Hoop 
finished pigs had lower backfat deposition and higher degree ofunsaturation in the inner 
layer of adipose tissue. Replication effects and treatment by replication interactions caused 
variations within growth, subsequently affecting fatty acid composition and adipose tissue 
firmness. The specific role of ambient temperature fluctuation on these attributes needs to be 
further evaluated within these systems. Seasonal variations in lipid deposition, fatty acid 
composition and firmness are not yet understood and need to be critically investigated. 
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Tables and Figures 
Table 1. Description of nutritional rations fed to gilts during 
the f'mishing period, as-is basis 
Ingredient, % 
Com 
Soybean meal 
Soybean hulls 
Vitamin+ mineral premix1 
Fat 
L-lysine·HCl 
Total 
Calculated composition, % total2 
Crude protein 
Crude fiber 
Crude fat 
Lysine 
Threonine 
Tryptophan 
Sulfur amino acids 
Calcium 
Phosphorus, total 
ME, kcal/kg 
Finisher phase, kg 
91 to 101 kg 101 to 113 kg 
81.95 83.95 
12.00 10.00 
2.50 2.50 
2.50 2.50 
1.00 1.00 
0.05 0.05 
100.00 100.00 
12.99 
3.33 
4.63 
0.76 
0.47 
0.13 
0.34 
0.65 
0.59 
1520 
12.21 
3.32 
4.65 
0.71 
0.44 
0.12 
0.31 
0.64 
0.58 
1520 
Vitamin+ mineral premix contained phytase. 
2 Calculated composition based on NRC (1998) values. 
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Table 2. The effect of imishing environment on swine performance and carcass 
comEosition1 
Environment 
Variable Hoop2 CON2 SE3 
Initial Wt., (kg) 73.82 71.40 5.25 
ADG, (kg/day) 0.81 1.07 0.09 
Feed Efficiency, 0.52 0.42 0.09 (G:F) 
Slaughter Wt., (kg) 106.92 110.41 5.64 
Shrink,(%) 2.32 4.48 0.36 
Carcass Wt., (kg) 79.15 82.75 4.34 
Dressing, (%) 74.65 74.90 0.37 
Backfat, 10th rib, mm 13.72 15.24 0.03 
Backfat, last rib, mm 19.02 20.32 0.09 
LEA (cm2) 44.71 44.70 0.21 
FPL, (%)8 56.87 55.50 0.52 
Presented as least squared meant. 
2 Hoop = hoop finished pigs, CON = confinement finished pigs. 
3 Standard Error of the treatment mean. 
4 Significance: **, P<0.05; ***, P<0.01; NS, P>0.05. 
5 Environmental significance, hoop versus confinement. 
6 Replication group of experiment significance. 
7 Treatment by group interaction significance. 
ENV5 
NS 
*** 
*** 
NS 
*** 
** 
NS 
** 
NS 
NS 
*** 
8 Fat Free Lean percentage calculated using National Pork Board % FFL Equation 
Significance <i 
Rep6 ENV*Rep7 
** ** 
NS NS 
NS NS 
*** ** 
*** ** 
*** ** 
NS NS 
** ** 
** *** 
** NS 
*** *** 
l 
I 
l 
~. 
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Table 3. The effect of finishing environment on [!Ork g,uality attributes1 
Environment Significance4 
Variable Hoop2 CON2 SE3 ENV5 Rep6 ENV*Rep7 
Temperature- lhr 36.49 36.82 0.50 
Temperature- 6hr 9.05 9.77 0.22 
Temperature - 24hr 1.39 1.32 0.62 
pH- lhr8 6.21 6.18 0.52 
pH-6hr 5.61 5.62 0.42 
pH-24hr 5.32 5.40 0.53 
Color9 1.92 2.07 0.12 
Marbling10 1.42 1.78 0.12 
Firmness11 1.90 1.88 0.06 
Wetness'' 1.83 1.89 0.07 
Hunter12 
L* 54.48 54.40 0.64 
a* 8.06 8.26 0.24 
b* 14.19 14.27 0.35 
Drip Loss (%)13 3.68 4.64 0.92 
Star Probe- 24 hr 
(kg)'4 6.69 6.77 1.2 
Star Probe- 120 hr 6.96 6.92 1.1 (kg) 
Cooking Loss - 24hr 32.55 31.34 1.3 (%)'5 
Cooking Loss - 29.89 31.28 1.2 120hr (%) 
Presented as least squared meant. 
2 Hoop = hoop finished pigs, CON = confinement finished pigs. 
3 Standard Error of the treatment mean. 
4 Significance: **, P<0.05; ***, P<0.01; NS, P>0.05. 
5 Environmental signifiance, hoop versus confinement. 
6 Replication group of experiment significance. 
7 Treatment by replication interaction significance. 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
*** 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
8 pH was measured at the 10th and 11th rib interface of the longissimus muscle. 
9 Color scores range from 1 to 6, 1 =pale, pinkish-gray and 6 = dark, purplish-red. 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
** 
** 
*** 
NS 
NS 
NS 
NS 
NS 
'
0 Marbling scores range from 1 to 10, 1 = devoid and 10 =moderately abundant or greater. 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
11 Firmness and wetness scores range from 1 to 5, with 1 =very soft and watery and 5 =very firm and dry. 
12 Hunter L * values range from 1 to 100 with 1 = pure black and 100 = pure white. Hunter a* values represent 
the amount ofred to green colors and a higher value indicates a redder color. 
13 Drip and Purge loss calculated as [(initial chop/sirloin wt.) - (final chop/sirloin wt.)] I initial chop wt. x 100. 
14 Star Probe texture evaluated at 24 and 120 hours ageing periods using TA-XT2 Texture Analyzer with probe 
driven downward at 2mms-l to 20% of sample height. Peak force exerted (kg) is presented. 
15 Cooking loss calculated as (Raw Chop Weight - Cooked Chop Weight) I (Raw Chop Weight) * 100 
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Table 4. The effects of finishing environment on fatty acid composition and total lipid 
concentration of adieose tissue1 
Environment Significance 4 
Fatty acid Formula Hoop2 CON2 SE3 ENV5 Rep6 ENV*Rep7 
Myristic acid C14:0 1.88 2.94 0.55 NS NS NS 
Palmitic acid C16:0 19.16 32 0.50 *** ** ** 
Palmitoleic acid C16:1, n7 5.5 6 0.51 NS *** ** 
Margaric acid C17:0 0.93 0.84 0.11 NS NS NS 
Heptadecanoic C17:1,n10 0.32 NS NS NS 
acid 0.73 1.01 
Stearic acid C18:0 11.11 12.28 0.81 NS *** ** 
Oleic acid C18:1, n9 39.96 26.52 1.32 *** *** *** 
trans - vaccenic C18:1, n7 0.42 NS *** ** 
acid 2.21 1.5 
Linoleic acid C18:2, n6 15.38 13.14 0.81 *** *** ** 
a- Linolenic acid C18:3, n3 0.84 0.8 0.18 NS *** ** 
Arachidic acid C20:0 0.67 1.52 0.46 NS *** ** 
Arachidonic acid C20:4, n6 0.63 0.58 0.12 NS ** ** 
EPA C20:5, n3 0.46 0.34 0.16 NS *** ** 
Behinic acid C22:0 0.31 0.22 0.10 NS *** ** 
DPA C22:5, n3 0.18 0.21 0.07 NS *** ** 
DHA C22:6, n3 0.05 0.1 0.04 NS NS *** 
Total saturated 34.06 49.8 1.28 *** *** ** 
TotalMUFA8 48.4 35.03 1.22 *** *** ** 
Total PUFA9 17.54 15.17 0.85 *** *** *** 
% Lipid 81.55 83.6 1.68 NS *** NS 
Analysis done on inner layer ofbackfat tissue. Presented as least squared meant. 
2 Hoop = hoop finished pigs, CON = confinement finished pigs. 
3 Standard Error of the treatment mean. 
4 Significance: **, P<0.05; ***, P<0.01; NS, P>0.05. 
5 Environmental significance, hoop versus confinement. 
6 Replication group of experiment significance. 
7 Treatment by replication interaction significance. 
8 Monounsaturated fatty acids. 
9 Polyunsaturated fatty acids. 
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Table 5. The effects of finishing environment on adipose tissue quality 
Environment1 Significance3 
Variable Hoop CON SE2 ENV4 Rep5 ENV*Rep6 
Force (kg)7 9.57 8.77 0.85 NS *** ** 
Height (cm)8 9.81 9.81 0.92 NS NS NS 
Hoop =hoop finished pigs, CON= confinement finished pigs. 
2 Standard Error of the treatment mean. 
3 Significance: **, P<0.05' *** P<0.01; NS, P>0.05. 
4 Environnemental significance, hoop versus confinement. 
5 Replication group of experiment significance. 
6 Treatment by replication interaction significance. 
7 Measured as peak force (kg) exerted to puncture 20% of sample height with \4'' diameter probe at 2mms-i. 
8 Height of fat sample measured from inner layer to outer layer. 
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Table 6. Pearson correlation coefficients - Fatty acids and average and low 
temperatures1 and fat firmness2 
Temperature °C Firmness 
Fatty Acid Formula AVG3 LOW3 Force (kg) 
Myristic Acid C14:0 0.06 0.01 0.06 
Palmitic Acid C16:0 0.70*** 0.56*** 0.22** 
Palmitoleic Acid C16:1, n7 -0.79*** -0.58*** -0.22** 
Margaric acid C17:0 0.06 0.01 0.09 
Heptadecanoic acid C17:1,n10 -0.10 0.08 -0.10 
Stearic Acid C18:0 0.44*** 0.34*** 0.17* 
Oleic Acid C18:1, n9 -0.21 ** -0.18* -0.23** 
trans - Vaccenic Acid C18:1, n7 -0.28*** -0.27*** -0.27** 
Linoleic Acid C18:2, n6 0.22** 0.11 -0.12 
alpha - Linolenic Acid C18:3, n3 0.22** 0.14 0.06 
Arachidic Acid C20:0 -0.23** -0.13 0.15* 
Arachidonic Acid C20:4, n6 -0.23** -0.19** -0.05 
EPA C20:5, n3 -0.22** -0.17* -0.09 
Behinic Acid C22:0 -0.04 -0.02 0.03 
DPA C22:5, n3 0.03 0.01 -0.02 
DHA C22:6, n3 0.02 0.04 0.03 
Total Saturated 0.65*** 0.50*** 0.23** 
Total MUFA -0.66*** -0.48*** -0.24** 
Total PUFA -0.18* -0.07 0.09 
Temperatures taken in 1 minute increments using HOBO® LCD Temperature Loggers (Onset Computer 
Corporation. Bourne, MA ) placed at three different areas within the hoop structure and two different places 
within the confinement pens. 
2 Firmness measured as peak force (kg) exerted to puncture 20% of sample height with Y.I'' diameter probe at 
2 s-1 mm . 
3 Data presented as correlation coefficient***, P<0.001 **, P<0.01 *, P<0.05. 
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Table 7. The effect of finishing environment on the volatile organic profile of lean-
common volatiles1 
Volatile family Volatile Hoop CON 
Significance 
SE3 ENV 
Alcohols 1-Butanol 1.20 1.27 0.23 NS 
2-Butenol 1.91 1.38 0.77 NS 
2-Propanol 4.25 3.13 0.39 NS 
3-Pentanol 29.81 31.89 10.14 NS 
Ethanol 1.24 1.38 0.02 NS 
Methanol 11.39 15.17 1.87 NS 
Ketone 2-Propanone 0.50 0.62 0.20 NS 
Hydrocarbons Propane 1.02 1.58 0.70 NS 
Pentane 2.00 1.98 0.52 NS 
Cyclopentane 2.02 0.96 0.61 NS 
Hexane 4.53 3.75 0.92 NS 
Hexamethyl 0.45 0.52 0.03 NS Cyclotrisiloxane 
Heptane 1.10 1.54 0.90 NS 
Octane 5.97 5.66 0.65 NS 
Octamethyl 0.14 0.56 0.14 ** Cyclotrisiloxane 
Decane 0.86 0.40 0.28 NS 
Octene 0.77 0.74 0.16 NS 
Aldehydes Pentanal 0.28 0.31 0.16 NS 
Hexanal 2.25 1.67 0.30 NS 
Heptanal 0.64 0.67 0.20 NS 
Acetaldehyde 26.04 21.11 7.61 NS 
Ether Tetrahydrofuran 1.97 2.55 2.09 NS 
Common volatiles observed in all samples. 
2 Significance: **, P<0.05; ***, P<0.01; NS, P>0.05. 
3 Standard Error of the treatment mean. 
4 Environemental significance, hoop versus confinement. 
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Table 8. The effect of fmishing environment on volatile organic profile of adipose -
common volatiles1 
Significance 
Volatile family Volatile Hoop CON SE3 EVN4 
Alcohols 1-Butanol 0.87 1.00 0.51 NS 
2-Propanol 1.94 1.72 0.92 NS 
Ethanol 21.30 27.97 1.81 NS 
Ketones 2-Propanone 1.10 1.63 1.18 NS 
Hydrocarbons Pentane 10.15 12.04 7.57 NS 
Hexane 8.12 11.04 6.39 NS 
Heptane 4.78 3.96 1.40 NS 
Hexamethyl 0.35 0.30 0.16 NS Cyclotrisiloxane 
Octane 16.41 10.67 3.94 NS 
Decane 1.74 5.14 2.44 NS 
Octene 1.05 2.08 1.20 NS 
Aldehydes 3-Butanal 1.26 0.94 0.64 ** 
Hexanal 1.28 1.12 0.72 NS 
Heptanal 1.22 0.15 1.11 ** 
Acetaldehyde 16.24 11.79 1.79 NS 
Common volatiles observed in all samples. 
2 Significance: **, P<0.05; ***, P<0.01; NS, P>0.05. 
3 Standard Error of the treatment mean. 
4 Environemental significance, hoop versus confinement. 
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Table 9. The effect of finishing environment on volatile organic profile 
of lean - unique compounds1 
Environment2 
Volatile family Volatile Hoog3 CON3 
Diene 1,3-Pentadiene 0.06 0.22 
Alcohols 2-Butenol 0.06 0.28 
3-Butanol 0.06 0.00 
1-Pentanol 0.06 0.00 
1-Hexanol 0.06 0.06 
1-0ctenol 0.06 0.00 
Ketones 2-Butanone 0.22 0.06 
2-Pentanone 0.00 0.06 
Cyclohexanone 0.06 0.06 
2-Heptanone 0.06 0.00 
Hydrocarbons Cyclobutane 0.11 0.00 
2-Propene 0.00 0.06 
Cyclohexane 0.06 0.00 
2-Heptene 0.22 0.11 
Cycloheptane 0.06 0.00 
Undecane 0.17 0.11 
Dodecane 0.06 0.00 
Tridecane 0.06 0.06 
Tetradecane 0.06 0.00 
Hexadecane 0.00 0.06 
Eicosane 0.06 0.06 
Acids Propanoic Acid 0.22 0.11 
Formic Acid 0.22 0.22 
Acetic Acid 0.28 0.17 
Nitriles Acetonitrile 0.28 0.28 
Sulfides Carbon Disulfide 0.28 0.39 
Dimethyl Disulfide 0.06 0.00 
Aldehydes Propanal 0.06 0.06 
4-Pentenal 0.06 0.00 
2-Hexanal 0.06 0.00 
Octanal 0.06 0.00 
Nonanal 0.06 0.00 
Unique compounds not observed evenly in lean throughout experiment. 
2 Presented as frequency(%) of observation within environment over 5 replications. 
3 Hoop = hoop finished pigs, CON = confinement finished pigs. 
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Table 10. The effect of finishing environment on volatile organic profile 
of adipose tissue - unique compounds1 
Environment2 
Volatile Family 
Diene 
Alcohol 
Sulfide 
Alkanes 
Acid 
Ether 
Volatile 
1,3-Pentadiene 
3-Pentanol 
Carbon Disulfide 
Cyclopentane 
Eicosane 
Hexadecane 
Nonane 
Propanoic Acid 
Tetrahydrofuran 
Hoop3 CON3 
0.09 0.00 
0.09 0.00 
0.36 0.30 
0.18 0.00 
0.09 0.10 
0.18 0.20 
0.36 0.10 
0.18 0.10 
0.00 0.10 
Unique compounds not observed evenly in adipose tissue throughout experiment. 
2 Presented as frequency(%) of observation within environment over 5 replications. 
3 Hoop = hoop finished pigs, CON = confinement finished pigs. 
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Table 11. Least squares means of palmitic, oleic, and linoleic acid by repetitive group1 
Group 
1 2 3 4 
Treatment2 Hoop CON Hoop CON Hoop CON Hoop CON 
Palmitic 19.72 22.98 19.60 20.26 19.07 20.94 18.94 20.35 
Oleic 37.72 34.81 41.35 29.45 41.38 23.32 42.76 19.47 
Linoleic 18.42 14.47 16.44 14.11 16.77 11.94 11.91 8.67 
1 Palmitic acid (C16:0), oleic acid (C18:1, n9), linoleic acid (C18:2). 
2 Hoop = hoop finished Pigs, CON = confinement finished pigs. 
Hoop 
18.46 
41.56 
13.32 
5 
CON 
20.60 
19.20 
12.52 
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Figure 1. Loin Sampling Diagram 
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Figure 2a. Average, High and Low temperature within Confinement. Temperatures were 
taken in 1 minute increments using HOBO® LCD Temperature Loggers (Onset 
Computer Corporation. Bourne, MA ) placed at two different areas within the 
confinement pen. Replication groups of experiment spanned from August - November, 
2004. 
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Temperature Gradients within Confinement1 
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Figure 2b. Average, High and Low temperatures within Hoop Structures. Temperatures 
were taken in 1 minute increments using HOBO® LCD Temperature Loggers (Onset 
Computer Corporation. Bourne, MA ) placed at three different areas within the hoop 
structure.Replication groups of experiment spanned from August- November, 2004. 
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Figure 3. Linear regression of total monounsaturation and fat firmness 
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Abstract 
The objectives of the current study were to determine the degree to which space 
allocation in a deep-bedded system influences swine performance and pork quality. The 
deep-bedded method employed was the use of hoop structures. Hoops are large, tent-like 
shelters with cornstalks or straw for bedding. One hundred gilts ranging in weight from 59 -
71 kg were randomly assigned to treatments oflow (0.70m2/pig, n =SO) and high 
(1.13m2/pig, n = 50) space allocation. Gilts were fed a two-phase diet ad libitum for a 
standard period of 45 days. One gilt was randomly chosen to represent each weight group to 
total six pigs per treatment for observations and measurements. Pigs finished with higher 
space allocation had significantly lower (P<0.05) muscling in the loin (44.71cm2 v 
42.19cm2), and produced pork appearing significantly darker (P<0.05). Space allocation did 
not affect fat firmness. Variations in fatty acid composition and lipid percentage of adipose 
tissue were observed when space allocation was changed within hoop structures. Less space 
resulted in significantly (P<0.01) higher concentration of PUFA and significantly (P<0.01) 
lower lipid concentration in adipose tissue. These results are likely related to depositional 
metabolism in adipose tissue, and may also be dependent on ambient temperature 
fluctuations. Repetitions spanned the months of August to November, with temperatures 
ranging from -2° to 32°C within the hoop structure. As environmental temperature declined, 
the percentage of monounsaturated fatty acids increased. Replication group responses might 
have been dictated by temperature differences, leading to differences in fatty acid profile. 
Providing more space during finishing in these systems had a small affect on swine growth 
and pork quality. Variations observed from replication to replication at fluctuating 
temperatures provide insight to seasonal differences in growth and adipose tissue 
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composition and firmness. Therefore, finishing pigs in these systems may lead to seasonal 
variation in lipid composition. 
Introduction 
Increased potential for niche marketing and a growing demand for improvement in 
pork quality have led to the development of alternative pig production systems (Millet, 
Moons, Van Oeckel, & Janssens, 2005; Wheatley, 2003). Alternatively-managed systems 
differ from intensive systems in that they have a chance to pursue their natural instincts, have 
more space to freely move about, and have access to either pasture or deep bedding 
(Honeyman, 1996). These characteristics are brought about by variations in housing style, 
stocking density, floor type, and provision of bedding or other types of environmental 
enrichment. Improvements in perceived welfare of pigs have driven alternative production 
systems to allocate larger space during rearing and finishing compared to confinement 
systems (Lyons, Bruce, Fowler, & English, 1995). 
Allocating different amount of space during finishing influences social interactions 
(Schmolke, Li & Gonyou, 2004; Turner, Ewen, Rooke & Edwards, 2000) and growth 
performance potential (Hyun, Ellis, Riskowski & Johnson, 1998) of pigs. Reduced space 
allocation has been shown to result in increases in observed abnormal behaviors and levels of 
aggression (Bryant & Ewbank, 1974; Randolph, Cromwell, Stahly & Kratzer, 1981). A 
recent study (Turner et al., 2000) reported that increasing stocking space from 0.40m2/pig to 
0.63m2/pig in deep bedded finishers resulted in higher average daily feed intake and lower 
feed:gain ratio, with no difference in average daily gain between the two treatment groups. 
The authors concluded that pigs stocked at a higher rate ate less feed and therefore grew 
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more efficiently. Similar results have been obtained when allocating space up to l.2m2/pig in 
a deep bedded system (Jorgensen, 2003). 
The level of food intake and the composition of food regulates the rate of fatty tissue 
growth and the composition of lipids (Numberg, Wegner&. Ender, 1998). Compared to 
other environmental stressors, reducing space allowance has been shown to decrease average 
daily feed intakes by 6.0%, and feed efficiency by 10% (Hyun, et al., 1998). Changing space 
allocation during finishing may have profound effects on fatty acid composition, even when 
diet is standardized due to deviations in feed intake and feed utilization (Numberg et al., 
1998). 
The components of meat quality influenced by fatty acids are fat tissue firmness 
(hardness), shelf life (lipid and pigment oxidation), and flavor; thereby influencing pork 
acceptability. Higher levels of unsaturation will lead to softer, less firm fat (Wood, 
Richardson, Nute, Fisher, Campo, & Kasapidou, 2003). The National Pork Producers 
Council (NPPC, 1999) defined soft fat as one of the major issues related to fat quality. 
Problems from soft fat arise during cutting, grinding, and slicing operations, and can result in 
lower processing yields and reduced value. In Japan, soft fat is subjectively evaluated and 
may be a cause for the down-grading a pork carcass (Irie, Sakimoto, & Ohmoto, 1983) The 
effect of fatty acids on shelf life is due to the propensity of unsaturated fatty acids to oxidize, 
leading to the development of rancidity during storage or retail display. Sensory analysis has 
shown that increased levels of unsaturated fatty acids in pork are negatively observed by pork 
consumers (Kouba, Enser, Whittington, Nute & Wood - in press). 
Allocating more space during finishing has been shown to affect behavior and 
perimortem metabolism (Klont, Hulsegge, Hoving-Bolink, Gerritzen, Kurt, Winkelman-
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Goedhart et al., 2001). Variations in perimortem metabolism will induce changes in the 
conversion of muscle to meat, leading to differences in ultimate pork quality. Several studies 
have reported increased acceptability of pork from pigs finished in systems which allocate 
more space (Millet, Hesta, Seynaeve, Ongenae, De Smet, Debraekeleer et al., 2004; Estevez, 
Morcuende & Cava, 2003; Gentry, McGlone, Miller & Blanton, Jr., 2002a, 2002b; Beattie, 
O'Connell & Moss, 2000). These experiments are mainly comparisons of increased stocking 
density as well as indoor vs alternative or outdoor production systems, and differ 
significantly from each other. Research linking pork quality with varying stocking rates 
within certain alternative production systems is limited. 
The standard stocking density commonly implemented in most confinement or all-in 
all-out systems is 0.72 - 0.90 m2/pig from 150 to 250 lbs. (NCR-89, 1993). There is no 
evidence that a space allowance of more than 0.93 m2/pig leads to improved performance and 
health of pigs (Hoy, 2004; Gentry et al., 2002a; Arthur, Brumm, Christenson, Crenshaw, 
Curtis, Gonyou, et al., 1993). In relation to common confinement systems, allocating more 
space than 0.93m2/pig may be improbable due to structural dimensions and finishing group 
size. However, in alternative swine production systems in which an increased area such as 
pasture or a deep-bedded semi-outdoor structure are utilized, space may not be a limiting 
factor. 
The space requirement of pigs housed in large groups in deep-bedded, semi-outdoor 
structures has not been adequately evaluated. The following experiment was designed and 
implemented to determine the degree to which space allocation in a deep bedded system 
influences swine performance, pork quality, and adipose tissue attributes in deep-bedded, 
semi-outdoor structures. 
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Materials and Methods 
Animal Selection: At four months of age, five groups of 100 gilts were weighed into 
allotment blocks by weight. From those weight allocation blocks, gilts ranging in weight 
from 59 - 71kg were randomly assigned to treatments of either low (0.70m2/pig, n = 50) or 
high (1.13m2/pig, n = 50). Gilts were transported to the Iowa State University Western 
Research Farm, Castana, IA. The alternative method employed in the current study was the 
use of hoop structures; hoops are tent-like shelters with cornstalks or straw for bedding 
(Honeyman, 1999). Gilts were ad libitum fed a two-phase diet (Table 1) for a standard period 
of 45 days. At 45 days, gilts were weighed and allocated into pre-slaughter groups stratified 
by weight. One gilt was randomly chosen to represent each weight group for a total of six 
pigs from each treatment group. All pigs were transported 126 miles prior to delivery to the 
ISU Meat Laboratory for processing. 
Performance and Sample Analyses 
Growth and Performance: Initial weight, 21- and 45-day weight, and slaughter weight were 
obtained for each pig. Average daily gain (ADG, g/day), feed conversion (G:F) and shrink 
(%)during transport and lairage were calculated for each pig. Percent shrink was calculated 
by [(farm weight- slaughter weight) I farm weight] *100. 
Slaughter and Sample Collection: Feed was removed 18 hours prior to slaughter. Gilts were 
randoMLy assigned to a kill order, and subsequently rendered unconscious by way of 
electrical stunning at the ISU Meat Laboratory. Carcasses were exsanguinated via jugular 
depletion, eviscerated, and inspected according to USDA/FSIS humane slaughter regulations. 
Carcasses were placed in a 0°C cooler and chilled for 24 hours. After 24 hours, carcasses 
were ribbed at the 1 Oth-11 th rib interface for carcass composition and pork quality evaluation. 
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Right side loins were fabricated according to Figure 1. Two, 20 g samples of adipose tissue 
from the blade end of the loin were obtained for fatty acid analysis and fat firmness 
measurement. Four subsequent 2.54 cm chops were obtained for star probe analysis; the first 
two chops were assigned an aging period of 24 hours and the second two were assigned an 
aging period of 120 hours. Three subsequent 2.54 cm chops were obtained for objective 
color and drip loss analysis. Sirloin ends of pork loin were obtained for purge analysis. All 
samples were vacuum-packaged and held until analysis was conducted. 
Carcass Composition and Pork Quality: Temperature and pH measurements were taken by a 
penetration probe at 1, 6, and 24 hours postmortem on right side loins using a Hanna 9025 
pH/ORP meter (Hanna Instruments, Woonsocket, RI.) The pH probe was calibrated with 
temperature at each time period using two buffers (pH 4 .2 and 7 .10 ), and was calibrated after 
each carcass. Carcasses were ribbed between the 10th and 11th ribs and allowed to bloom for 
approximately 45-minutes. At 45 minutes, carcasses were assigned a score for color, 
firmness, wetness, and marbling. A trained panel (n = 2) used the National Pork Board 
(NPB) (1 =pale, 6 =dark) standards to determine a color score for each loin eye. Firmness 
and wetness were evaluated on a three point scale (NPB, 2000) (1 = soft and wet, 3 = firm 
and dry). Marbling values were based on NPB standards (NPB, 2000). Backfat 
measurements at 1 oth and last rib off midline were obtained using a swine backfat probe. 
Loin eye area was measured using carcass grid. Percent fat free lean was calculated using the 
National Pork Board percent fat free lean calculation. 
Four 2.54 cm chops from right side loins (Fig. 1) were stored in a vacuum bag at 4°C 
for 24 or 120 hours postmortem. After aging, chops were frozen in a -20°C blast freezer 
until needed for star probe analysis. Chops were subsequently thawed at 4°C and cooked in a 
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convection oven (140°C) until an internal endpoint temperature of 72°C, flipping once at a 
mid-cook cycle temperature of 35°C. Pre- and post-cooked weights were recorded and used 
to calculate cooking loss percentage. After cooking, chops were cooled at 4 °C overnight 
prior to measurement. The chops were allowed to equilibrate at room temperature for 2 
hours before star probe analysis. An objective, instrumental measure of texture was 
evaluated on two chops per pig per ageing period by using a circular, five-pointed star probe 
attached to a TA-XT2 Texture Analyzer (Texture Technologies, Scarsdale, NY). The star 
probe was 9 mm in diameter with 6 mm between each point. The angle from the end of each 
point to the center is 48°. A 10-kg load cell was used with a cross-head speed of 200 mm/s. 
The amount of force (kg) required to puncture and compress the chop to 20% of sample 
height was recorded, and the mean of four measurements per chop was used for statistical 
analysis. 
Hunter L *, a* and b* values were determined at 1 day postmortem on 2.54 cm thick 
chops (Fig. 1 ). Samples were allowed to bloom for 1 hour at room temperature and were 
analyzed on a calibrated Hunter Labscan colorimeter (Hunter Association Laboratories Inc.; 
Reston, VA). A CIE D/65 10° standard observer and a 1.27 cm viewing port were used to 
obtain three color measurements on each of three chops. All nine color measurements were 
used to determine an average color score for each loin. 
Drip loss was determined using 2.54 cm-thick boneless chops (two per loin) by 
similar method to Lonergan, Huff-Lonergan, Rowe, Kuhlers, and Jungst (2001). Chops were 
towel dried to remove excess surface moisture, weighed, and stored in a sealed plastic bag 
held under atmospheric conditions at 4 °C. The liquid lost as drip was removed from each 
bag and measured after 120 hours of storage. Purge loss was measured on the sirloin after 
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120 hours of storage at 4°C in a vacuum bag (Gardner, Huff-Lonergan, Rowe, Schultz-
Kaster, & S. M. Lonergan, 2005). Samples were towel dried and weighed in similar fashion 
to drip loss chops. Purge and drip loss was recorded as a percentage of the original weight of 
the sirloin by {[(initial chop/sirloin weight)-(final chop/sirloin weight)]/initial weight} * 100. 
Fat Extraction: Adipose samples were separated into outer, middle, and inner layers. 
Approximately 3 g samples from inner layer only were weighed into a 50 mL test tube for 
total lipid analysis by the method ofFolch, Lees & Stanley (1957). After adding 30 mL of 
Folch I (chloroform:methanol = 2:1), 25 l!g of 10% butylated hydroxyanisole dissolved in 
98% ethanol was added to each sample prior to homogenization. The samples were 
homogenized with a Brinkman polytron4 (Type PT 10/3 5) for 10 s at high speed. The 
homogenate was filtered through a Whatman #1 filter paper into a 100 mL graduated 
cylinder and 25% of volume (on the basis of filtrate) of 0.88% NaCl solution was added. 
After the cylinder was capped with a glass stopper, the filtrate was mixed. The inside of the 
cylinder was washed twice with 2 mL ofFolch II (chloroform:methanol:water = 3:47:48), 
and the contents were stored until the aqueous and organic layers clearly separated. The 
upper layer was siphoned off, and the lower layer was transferred to a glass scintillation vial 
and dried at 50° C under a nitrogen flow. After phase separation, the volume of the lipid 
layer was recorded (mL), and the top layer was removed by siphon. 
Lipid Extraction: Adipose samples were separated into outer, middle, and inner layers. 
Approximately 3 g samples from inner layer only were weighed into a 50 mL test tube for 
total lipid analysis by the method ofFolch, Lees & Stanley (1957). After adding 30 mL of 
Folch I (chloroform:methanol = 2:1), 251..!g of 10% butylated hydroxyanisole dissolved in 
98% ethanol was added to each sample prior to homogenization. The samples were 
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homogenized with a Brinkman polytron (Type PT 10/35) for 10 sat high speed. The 
homogenate was filtered through a Whatman #1 filter paper into a 100 mL graduated 
cylinder and 25% of volume (on the basis of filtrate) of 0.88% (w/v) NaCl solution was 
added. After the cylinder was capped with a glass stopper, the filtrate was mixed. The inside 
of the cylinder was washed twice with 2 mL of Folch II (chloroform:methanol:water = 
3:47:48), and the contents were stored until the aqueous and organic layers clearly separated. 
The upper layer was siphoned off, and the lower layer was transferred to a glass scintillation 
vial and dried at 50° C under a nitrogen flow. After phase separation, the volume of the lipid 
layer was recorded (mL), and the top layer was removed by siphon. 
Total Lipid Analysis: Total lipid analysis was conducted from the method Folch et al., 1957). 
Ten mL of extract from lipid extraction was placed into a preweighed scintillation vial. The 
vial was placed on a hot plate (50°C) and evaporated under a nitrogen stream. After cooling, 
the vial was reweighed and a lipid weight was determined. Total lipid percentage was 
• 
calculated as: percentage total crude lipids= {[(lipid weight, g *lipid layer volume, mL)/ 10 
ML] I [sample weight, g]} * 100. 
Fatty Acid Analysis: For each sample, an amount ofFolch extract containing 2.5 mg total 
lipid was placed into a 20 mL methylation tube. The sample was dried under N2 at 50 °C. 
After drying, one mL of methylating reagent (boron fluoride methanol, BF3:methanol) was 
added and the tubes were incubated in a water bath at 60°C for 40 minutes (Morrison & 
Smith, 1964). After cooling to room temperature, 2 mL of hexane and 5 mL of water were 
added, mixed thoroughly, and left at room temperature overnight for phase separation. The 
top (hexane) layer, containing methylated fatty acids, was used for gas chromatographic 
analysis (Jo and Ahn, 2000). Analysis of fatty acid composition was performed with a 
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Hewlett Packard (HP) 6890 gas chromatograph (Hewlett Packard Company, Palo Alto, CA) 
equipped with an autosampler, flame ionization detector, and SP-2560 fused silica capillary 
column (100 m x 0.25 mm x 0.2-µm film thickness) Two microliters of sample was injected 
with helium as carrier gas (1.0 mL/min) onto the column. The initial column temperature 
was set at 110 °C, held for 0.5 minutes, increased by 20 °C/min to 200 °C, and held for 50 
minutes. The temperature was then increased by 10 °C/min to 230 °C and held for 5 minute. 
Inlet and detector temperatures were 250 °C. Peak areas and percentages were calculated 
using HP ChemStation™ software. Fatty acid methyl esters were identified by comparison 
with retention times of standards purchased from Sigma-Aldrich (St. Louis, MO.). Fatty acid 
values and total lipids were expressed as weight percentages of adipose tissue sample. 
Adipose Firmness: Adipose samples were cut into 5 x 3 cm squares and analyzed for 
firmness using a method modified from Nishioka and Irie (2005). Samples were evaluated 
using TA-XT2 Texture Analyzer (Texture Technologies, Scarsdale, NY) with a W' diameter 
ball shaped probe. Sample height was noted by the testing machine, and the probe was 
driven downward at 2mm/sec to a depth of20 % of the sample height. Force exerted (kg) 
and sample height (cm) were recorded for three separate positions on the square, and were 
averaged by sample for statistical analysis. 
Volatile Profile Analysis: Approximately 20 g of subcutaneous adipose tissue and 20 g of 
lean was excised from the blade end of the longissimus dorsi. Adipose tissue was obtained 
from subcutaneous layers adjacent to 1st rib section from blade end of the longissimus dorsi, 
and divided into the outer, middle and inner layers. The inner layer was isolated for further 
analysis. Lean was excised from 1st rib section from blade end directly beneath the adipose 
tissue sample. Samples were packaged and sealed under vacuum pressure, and kept at -20 °C 
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until further analysis. Volatile organic chemicals were analyzed using a Solatek 72 
Multimatrix-Vial Auto Sampler/Sample Concentrator 3100 (Tekmar-Dohrmann) connected 
to a GC/MS (Model 6890/5973, Hewlett-Packard Co.) according to the method of Ahn et al. 
(2001). Samples (3 g) were minced and placed in a 40 mL sample vial, flushed with helium 
gas (2.8 kg/cm2) for 3 seconds, and then capped airtight with a Teflon*fluorocarbon 
resin/silicone septum (I-Chem Co.). The maximum waiting time for a sample to be in a 
loading tray ( 4 °C) to analysis was less than 2 hours to minimize oxidative changes. Meat 
samples were purged with helium ( 40 mL/min) for 14 min at 80 °C. Volatiles were trapped 
using a Tenax/charcoal/silica column (Tekmar-Dohrmann) and desorbed for 2 min at 225 °C, 
focused in a cryofocusing module (-80 °C), and then thermally desorbed into a column for 60 
sat 225°C. Acids, phenols, and indoles were detected using an HP-Wax column (60 m, 0.25 
mm i.d., 0.25 µm nominal) was used. Sulfur compounds were detected using an HP-624 
column (7.5 m, 0.25 mm i.d., 1.4 µm nominal), an HP-1 column (60 m, 0.25 mm i.d., 0.25 
µm nominal), and an HP-Wax column (7.5 m, 0.25 mm i.d., 0.25 µm nominal) were 
connected using zero dead-volume column connectors (J &W Scientific, Folsom, CA, USA). 
Ramped oven temperature was used to improve volatile separation. The initial oven 
temperature of 0 °C was held for 1.5 minutes. After that, the oven temperature was increased 
to 15 °C at 2.5 °C per minute, increased to 45 °C at 5 °C per minute, increased to 110 °C at 
20 °C per minute, and then increased to 210 °C at 10 °C per minute and held for 2.25 minute 
at that temperature. Constant column pressure at 154,945 pa was maintained. The ionization 
potential of the mass spectrometry was 70 eV, and the scan range was 19.1to350 mlz. The 
identification of volatiles was achieved using the Wiley library (Hewlett-Packard Co.). The 
area of each peak was integrated using ChemStation ™ software and the total peak area (total 
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ion counts x 106) was reported as an indicator of volatiles generated from the samples. Data 
are reported as ion counts. 
Statistical Analysis 
The influence of space allocation on performance, pork quality and adipose tissue 
attributes were analyzed using general linear model (GLM) procedures of SAS (SAS, 
Institute, Cary, NC). Experimental model included space allocation (low or high) and 
replication and interactive effects of space allocation and replication as independent 
variables. Pairwise comparisons of means were carried out using tukey's test with an alpha= 
0.05. 
Results 
Allocating larger amounts of space did not influence ADG and feed conversion ratios 
(Table 2). Initial weight, slaughter weight, and dressing percentage did not vary by 
treatment, and space allocation did not affect backfat thickness at the tenth or last rib. Pigs 
finished with higher space allocation had lower degree of muscling in the loin (44.71cm2 v 
42.19cm2). Specific treatment by replication interactions were noted for slaughter weight, 
carcass weight, and fat free lean percentage. 
Finishing pigs in hoop structures with a higher space allocation had minimal 
influence on fresh pork quality attributes (Table 3). Temperature and pH decline did not 
differ between the two treatment groups. Space allocation did not affect lean marbling, 
firmness, or wetness. Pigs finished with higher space allocation produced pork appearing 
darker than pigs stocked at higher rates (P<0.05). There were no measurable differences 
between Hunter L *, a* orb* between the two groups of pigs. Pork from pigs finished in 
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different stocking allocations did not vary in drip or purge loss. Table 4 presents cooking 
loss and star probe measurements taken at 24 and 120 hours of ageing. There were no 
significant differences between treatment groups on any cooked pork quality attribute. 
Space allocation variation altered the fatty acid composition of inner layer adipose 
tissues (Table 5). Higher spaced pigs had higher (P<0.05) amounts of myristic acid (C14:0) 
and lower (P<0.01) amounts oflinoleic acid (C18:2, n6). These differences in concentration 
corresponded to differences in total saturation (30.17% vs. 32.48%) and polyunsaturation 
(17.63% vs. 15.24%). Lipid percentage in adipose tissue was altered by treatment, where 
higher spaced pigs had higher (85.52% v. 81.55%) total lipid than lower spaced pigs. Fat 
firmness and height did not vary between treatments (Table 6). Fatty acid profiles varied by 
replication (Table 5). Replication effects were accompanied by treatment by replication 
interactive effects. 
Discussion 
Adjusting the space allocation for pigs during rearing and finishing has been widely 
researched (Pearce & Paterson, 1993; McGlone & Newby, 1994; Hoy, 2004). Recent shifts 
in pork production systems favor increased space per pig, based on perceived benefit and 
health of the animal (Millet et al., 2005). Current research exploring strategies in alternative 
production systems has revealed that increasing space allocation stimulates foraging or 
explorative behavior in pigs, thereby increasing favorable interactions and lowers stress 
susceptibility among pigs (Van de Weerd, Docking, Day, A very & Edwards, 2003; Olsen, 
Simonsen & Dybkjaer, 2002; Guy, Rowlinson & Chadwick, 2002). Increasing space 
allocation also influences growth and carcass composition characteristics, stimulating high 
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average daily gains and increasing lean percentages (Honeyman & Harmon, 2003; Gentry et 
al., 2002b). 
It seems probable that decreasing stress susceptibility via alternative production 
methods may support a reduction in stress susceptibility. Reduction in stress may promote 
an increase in growth and performance of pigs (Wellock, Emmans & Kyriazakis, 2004). 
These differences in behavior during finishing could influence the physiological and 
behavioral responses of pigs in the period before slaughter, which have been shown to affect 
perimortem muscle metabolism and thereby, pork quality (Cassens, 2000; Tarrant, 1989). 
In this study, no significant differences were observed on growth and performance of 
swine finished in hoop structures with higher space allocations (Table 1 ). Our results 
differed from Honeyman and Harmon, (2003 ). In their experiment, pigs were allotted 
densities of l.1 lm2/pig in hoops and 0.74m2/pig in confinements over winter and summer 
seasons. In the winter portion of the trial, hoop fed pigs had similar ADG, but had greater 
average daily feed intakes (ADFI), and less efficiency oflean gain than confinement-fed 
pigs. In the summer portion, hoop pigs had greater ADG, but had similar ADFI and feed 
efficiency rates compared with confinement-fed pigs (Honeyman & Harmon, 2003). 
Honeyman and Harmon (2003) concluded that the increased stocking density (1.1 lm2/pig) 
may have improved performance of pigs finished in hoop structures, but these improvements 
were seasonally inconsistent. Therefore, variations in swine performance when finished at 
different stocking densities may be dependent on other factors, such as ambient temperature. 
Figure 2 shows the average, high and low temperatures within the hoop structures over the 
span of the experiment. The thermoneutral zone for pigs ranges between 17.2 - 22°C. Within 
the thermoneutral zone, pigs are able to maintain heat production approximately constant for 
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a given energy intake (Bruce & Clark, 1979). This indicates that although hoop finished pigs 
were exposed to temperature fluctuations above and below their thermoneutral target, there 
were no adverse affects on growth and carcass composition. However, the treatment by 
replication interactions were for slaughter weight, carcass weight, and percent fat free lean 
indicate that the treatment effects of space allocation acted differently on these variables as 
temperature fluctuated. 
In the current study, variations in pork quality were minimal between the two 
treatments (Table 3). There were no differences in rate and extent of temperature and pH 
decline, amount of intramuscular fat or firmness/wetness of the loin. Pigs with increased 
space produced darker pork, but had greater LEA than lower spaced pigs (P<0.05). Our 
results are similar to Gentry et al. (2002a) who reported pigs finished with larger space 
allowance had pork obtaining higher reddish pink color scores than lower spaced pigs. 
Drip and purge loss percentages did not differ between treatment groups. These 
results differ from Klont et al. (2001), who observed a higher water holding capacity of 
enriched-finished pigs. The current study varied from that study in housing style, as the 
current experiment was conducted in semi-outdoor hoop structures and Klont et al. (2001) 
was conducted in a confinement system. Texture attributes as well as cooking loss did not 
vary between differently spaced groups. Our results are similar to Stem, Heyer, Andersson, 
Rydhmer and Lundstrom (2003) who showed that technological meat quality traits such as 
cooking loss and W am er - Bratzler shear force did not differ between lower and higher 
stocked pigs finished in an outdoor, free-range system. 
Fatty acid composition of adipose tissue was significantly altered by space allocation 
(Table 5). Adipose tissue from pigs with less space was more saturated and was composed of 
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less polyunsaturated fatty acids. These results are interesting in that there were no differences 
in feed intake or feed efficiency between the two groups. Main factors affecting fatty acid 
composition are diet, fatness, age, body weight, gender, breed, environmental temperature, 
depot site, maintenance, and endocrine status (Numberg, 1998; Wood & Enser, 1997). Fatty 
acid profiles varied by replication. As noted, replications spanned the months of August to 
November 2004, with temperatures ranging from -2 °C to 32 °C within the hoop structure 
(Figure 1 ). Lebret, Massabie, Granier, Juin, Mourot, and Chevillon (2002) reported a 
decrease in outdoor environmental temperature from 24 °C to 1 7 °C during the finishing 
period led to higher MUF A and lower saturated fatty acids and PUF A contents in the inner 
layer of adipose tissue. Figure 3 presents the variations in total saturated, monounsaturated 
and polyunsaturated fatty acids by replication group in the current experiment. As 
environmental temperature declined (Figure 1 ), adipose tissue decreased in total saturation 
and polyunsaturation. In agreement with Lebret et al. (2002), a subsequent increase in 
monounsaturation was measured as temperature decreased. Therefore, replication responses 
and treatment effects might have been dictated by temperature differences, leading to 
differences in fatty acid profile. Variations in ambient temperature and its subsequent affect 
on fatty acid profile is an interesting observation and merits continued investigation. 
Fat firmness analysis did not vary between treatments (Table 6). There were no 
differences in force exerted and height of samples. Increasing PUF A concentration causes a 
reduction in lipid melting point, and firmness of backfat, and increases lipid peroxidation 
susceptibility (Gill, Onibi & English, 1995; Warnants, Van Oeckel, & Boucque, 1996). 
These characteristics can be detrimental in processing conditions, such as bacon 
manufacture. In the current study, the increase in polyunsaturation was not detrimental to 
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backfat firmness. Wood et al. (2004) reported that PUFA levels over 18% correlated to softer 
fat. This lends to the possibility that the difference in polyunsaturation was not large enough 
to drive a change in adipose tissue firmness. 
Diet and amount of deposited fat are major factors influencing the fatty acid 
composition of adipose lipids (Numberg et al., 1998). This was apparent in the current 
study, as diets were standardized, but treatment groups did differ in total percent lipid within 
the inner layer of adipose tissue (Table 4). Pigs with greater space allocation had higher 
(85.52% v 81.55%) total lipid than lower spaced pigs. Paralleling these differences, as noted 
above, was an increase in PUF A incorporation in pigs with lower space. Bee, Guex and 
Herzog (2004) noted a similar response between indoor and outdoor finished pigs, in which 
outdoor pigs displayed increased PUF A concentrations with a lower total lipid content in the 
longissimus dorsi. Conditions in that study (Bee et al., 2004) were much colder than the 
current study, and pigs were completely exposed as opposed to being finished in a semi-
outdoor structure. Although those results differed from ours in tissue type (lean v adipose), 
Bee et al. (2004) also reported a significant increase in PUF A in adipose tissue of cold 
exposed pigs. It is unknown if total lipid deposition were different in that study, as values 
were not reported. It has been established that when lipid content is reduced, the proportion 
of unsaturated phospholipids is higher, driving an increase in overall PUF A content (Bee, 
2002). 
Conclusions 
The results showed that allocating larger space during finishing in hoop structures did 
not affect swine performance or pork quality. Deposition variations in adipose tissue became 
more prominent as temperatures decreased. The combined influences of ambient temperature 
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and space allocation and their resulting effect on items such as backfat deposition and 
consistency, intramuscular and adipose fatty acid composition, flavor and oxidative capacity 
in hoop structures needs to be further examined. 
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Tables and Figures 
Table 1. Description of nutritional rations fed to gilts during 
the fmishing period, as-is basis 
Ingredient,% 
Corn 
Soybean meal 
Soybean hulls 
Vitamin+ mineral premix1 
Fat 
L-lysine·HCI 
Total 
Calculated composition, % totai2 
Crude protein 
Crude fiber 
Crude fat 
Lysine 
Threonine 
Tryptophan 
Sulfur amino acids 
Calcium 
Phosphorus, total 
ME, kcal/kg 
Finisher phase, kg 
91to101 kg 101 to 113 kg 
81.95 83.95 
12.00 10.00 
2.50 2.50 
2.50 2.50 
1.00 1.00 
0.05 0.05 
100.00 100.00 
12.99 
3.33 
4.63 
0.76 
0.47 
0.13 
0.34 
0.65 
0.59 
1520 
12.21 
3.32 
4.65 
0.71 
0.44 
0.12 
0.31 
0.64 
0.58 
1520 
Vitamin+ mineral premix contained phytase. 
2 Calculated composition based on NRC (1998) values. 
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Table 2. The effect of space allocation within hoops on swine growth and carcass performance 
Space Allowance1 Significance4 
Variables Lower2 Higher2 SE3 LvH5 Replication6 TRT*Rep7 
Initial Wt. (kg) 73.82 73.98 3.58 NS *** NS 
ADG (kg/day) 0.80 0.82 0.09 NS NS NS 
Feed Conversion (G:F) 0.42 0.43 0.03 NS NS NS 
Slaughter Wt. (kg) 106.09 106.66 5.19 NS ** *** 
Shrink(%) 2.33 2.38 0.36 NS ** ** 
Carcass Wt. (kg) 79.15 78.60 3.92 NS *** *** 
Dressing (%) 74.20 74.04 0.62 NS NS NS 
Backfat, 10th rib (mm) 13.72 12.70 0.02 NS ** NS 
Backfat, last rib (mm) 17.02 15.49 0.05 NS *** NS 
LEA(cm2) 44.71 42.19 0.20 ** *** ** 
FFL (%)8 56.86 56.18 0.53 NS *** *** 
Low= 0.70m /pig, High= l.13 m /pig 
2 Presented as least squared means 
3 Standard Error of Treatment mean 
4 Significance,** P<0.05 *** P<0.01 NS P>0.05 
5 Space allocation significance, low versus high 
6 Replication group of experiment significance. 
7 Treatment by group interaction significance 
8 Fat Free Lean percentage calculated using National Pork Board% FFL Equation 
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Table 3. The effect of space allocation within hoops on fresh pork qualitl attributes 
Space Allowance1 Significance 
Variable Lowe? Highe? SE3 L v H5 Replication6 TRT*Rep7 
Temp - lhr (°C) 36.48 36.36 0.43 NS NS NS 
Temp - 6hr (°C) 9.05 8.64 0.42 NS NS NS 
Temp-24hr (0 C) 1.39 1.46 0.43 NS NS NS 
pH- lhr8 6.21 6.16 0.56 NS NS NS 
pH- 6hr 5.61 5.52 0.53 NS NS NS 
pH- 24hr 5.32 5.37 0.52 NS NS NS 
Color9 1.91 2.12 0.10 ** ** NS 
Marbling10 1.41 1.47 0.14 NS *** NS 
Firmness11 1.90 1.91 0.06 NS NS NS 
Wetness11 1.84 1.83 0.08 NS NS NS 
Hunter Color 
L*12 54.58 ** 
a*12 8.05 
b*12 14.16 
Drip Loss (%)13 3.67 
54.74 
8.34 
14.53 
3.59 
2.64 
0.68 
0.26 
0.33 
0.35 
0.33 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS Purge (%)13 2.74 
10 
11 
12 
Low= 0.70m /pig, High= 1.13 m /pig 
Presented as least squared means 
Standard Error of Treatment mean 
Significance,** P<0.05 *** P<0.01 NS P>0.05 
Space allocation significance, low versus high 
Replication group of experiment significance. 
Treatment by group interaction significance 
pH was measured at the lOtlt and l ltlt rib interface of the longissimus muscle. 
Color scores range from 1 to 6, 1 = pale, pinkish-gray and 6 = dark, purplish-red. 
Marbling scores range from 1 to 10, 1 =devoid and 10 =moderately abundant or greater. 
Firmness and wetness scores range from 1 to 5, with 1 =very soft and watery and 5 =very firm and dry. 
Hunter L * values range from 1 to 100 with 1 = pure black and 100 = pure white. 
Hunter a* values represent the amount ofred to green colors and a higher value indicates a redder 
color. 
NS 
NS 
NS 
NS 
NS 
13 
Hunter b* values represent the amount of blue to yellow color in the meat and a higher b* value indicates a more yellow color 
Drip and Purge loss calculated as [(Initial Chop/Sirloin Weight)- (Final Chop/Sirloin Weight)] I Initial Chop Weight 
x 100 
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Table 4. The effect of space allocation within hoops on cooked pork qualitr attributes 
Space Allocation1 Significance 
Variable Lowe? Highe? SE3 L v H5 Replication6 TRT*Rep7 
Star Probe-24 hr (kg)8 6.69 6.74 NS 0.14 NS NS 
StarProbe-120hr(kg) 6.96 6.83 NS 0.19 NS NS 
1 Low= 0.70m2/pig, High= 1.13 m2/pig 
2 Presented as least squared means 
3 Standard Error of Treatment mean 
29.89 
31.65 
4 Significance,** P<0.05 *** P<0.01 NS P>0.05 
5 Space allocation significance, low versus high 
6 Replication group of experiment significance. 
7 Treatment by group interaction significance 
32.54 
30.74 
NS 1.20 NS NS 
NS 0.98 NS NS 
8 Star probe texture evaluated at 24 and 120 hours ageing periods using TA-XT2 Texture Analyzer with probe driven downward at 
2mm'-1 to 20% of sample height. Peak force exerted (kg) is presented. 
9 Cooking loss calculated as (Raw Chop Weight- Cooked Chop Weight) I (Raw Chop Weight)* 100 
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Table 5. The effect of space allocation within hoops on fatty acid composition and 
total lipid concentration of adipose tissue1 
Space Allocation2 Signficance5 
Fattv Acid Formula Lower3 Higher3 SE4 LvH6 Re2lication7 TRT * Re28 
Myristic C14:0 0.55 ** *** ** Acid 1.88 3.09 
Palmitic Cl6:0 0.59 NS ** ** Acid 19.16 15.06 
Palrnitoleic Cl6:1, 0.39 NS ** ** Acid n7 5.5 10.22 
Cl7:0 C17:0 0.93 0.83 0.11 NS NS NS 
C17:1, nlO Cl7:1, 0.32 NS NS NS 
nlO 0.73 1.14 
Stearic Acid C18:0 11.11 11.59 0.81 NS NS NS 
Oleic Acid C18:1, 1.59 NS NS NS 
n9 39.96 39.33 
trans - Cl8:1, Vaccenic 0.46 NS NS NS 
Acid n7 0.76 1.49 
Linoleic Cl8:2, 0.82 *** *** *** Acid n6 15.38 12.74 
alpha - Cl8:3, Linolenic 0.14 NS NS NS 
Acid n3 0.84 0.96 
Arachidic C20:0 0.19 NS NS NS Acid 0.67 1.74 
Arachidonic C20:4, 0.11 NS ** ** Acid n6 0.63 0.73 
EPA C20:5, 0.15 NS ** ** 
n3 0.46 0.51 
Behinic Acid C22:0 0.31 0.32 0.10 NS NS NS 
DPA C22:5, 0.08 NS ** ** 
n3 0.18 0.19 
DHA C22:6, 0.04 NS ** ** 
n3 0.05 0.11 
Total 0.82 ** ** ** Saturated 34.06 32.63 
Total 1.44 NS NS NS MUFA9 46.95 52.18 
Total 0.88 *** ** *** PUFA10 17.54 15.24 
% Lipid 81.55 85.52 1.89 ** NS NS 
Analysis done on inner layer ofbackfat tissue 
2 Low~ 0. 70m2/pig, High~ 1.13 m2/pig 
Presented as least squared means 
4 Standard Error of the treatment mean. 
Significance: **, P<0.05; ***, P<0.01; NS, P>0.05. 
Space allocation significance, low versus high. 
7 Replication group of experiment significance. 
8 Treatment by group interaction significance 
9 Monounsaturated fatty acids. 
JO Polyunsaturated fatty acids 
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Table 6. The effects of space allocation within hoops on adipose tissue attributes 
Space Treatment1 Significance4 
Lowe? Higher2 SE3 L v H5 Replication6 TRT *Rep7 
Firmness8 (kg) 9.57 8.95 0.86 NS *** ** 
Height9 (cm) 9.81 10.41 1.05 NS NS NS 
Low= 0.70m /pig, High= 1.13 m /pig 
2 Presented as least squared means 
Standard Error of the treatment mean. 
Significance: **, P<0.05; ***, P<0.01; NS, P>0.05. 
Space allocation significance, low versus high. 
6 Replication group of experiment significance. 
Treatment by group interaction significance 
8 Firmness measured as peak force (in kilograms) exerted to puncture 20% of sample height with W' diameter probe at 2mm'·1 
9 Height of fat sample measured from inner layer to outer layer 
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Figure 1. Loin Sampling Diagram 
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Figure 2. Average, High and Low temperatures within Hoop Structures. Temperatures 
were taken in 1 minute increments using HOBO® LCD Temperature Loggers (Onset 
Computer Corporation. Bourne, MA ) placed at three different areas within the hoop 
structure.Replication groups of experiment spanned from August - November, 2004. 
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Temperature Gradients within Hoops 1 
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Figure 3. The effect of space allocation on fatty acid profile - Total Saturation, 
Monounsaturation and Polyunsaturation by replication. Fatty Acid Composition is 
represented as cumulative total percentages of saturated, monounsaturated and 
polyunsaturated fatty acids. Replication groups of experiment spanned from August to 
November, 2004. 
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Fatty Acid Composition by Replication1 
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General Summary 
Hoop-finished pigs were slower growing, with lower ADG and feed conversion 
ratios. These pigs also had less backfat at the 1 oth rib, less marbling in the loin, and less total 
lipid in the adipose tissue. No other treatment differences in pork quality attributes were 
observed. Treatment by replication interactions gave insight into the possibility that driver of 
these variations was exposure to temperature fluctuations. 
Swine growth is affected by exposure to ambient temperature; in these semi-outdoor 
systems, colder weather exposure accompanied lower levels of back fat at the 1 oth and last 
rib, as well as an increase in monounsaturation in the adipose tissue. These deviations from 
replication to replication caused the average of backfat deposition, SAT, MUF A and PUP A 
of all combined repetitions to be different by treatment group. It appears exposure to colder 
temperatures resulted in a lower level of polyunsaturated lipids and an increase in the level of 
monounsaturated lipid in the adipose tissue. This observation is important in that nutritional 
profiles of pork from pigs finished in these systems may vary from season to season. 
Providing more space within hoop systems had small effects on growth, performance, 
or pork quality attributes. However, several relationships were noted between greater space 
allocation and replication. As temperatures grew colder, pigs with greater space allocation 
had higher slaughter and carcass weights, higher backfat deposition at the 1 oth and last ribs, 
lower unsaturation and higher total lipid composition of the adipose tissue. 
Overall, depositional changes in adipose tissue facilitated variations between space 
allocation treatments. Space allocation requirements within these systems can be altered by 
the producer's needs, and stocking as high as 0.70m2/pig will not cause any detriment to 
carcass composition and pork quality attributes. Variations in pork quality were limited to 
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lipid deposition, indicating finishing systems observed in these experiments did not 
significantly alter product quality. Future research initiatives are necessary to determine the 
specific effect of ambient temperature fluctuation and lipid deposition characteristics in these 
systems. 
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